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Resumen

Este trabajo presenta el desarrollo de un sistema de control automatizado para una brufiidora
horizontal existente, orientado a mejorar la repetibilidad, continuidad y supervision del proceso
de brufiido de camisas y cilindros hidraulicos. La propuesta se concentré en la capa de au-
tomatizacién mediante PLC, HMI, servodrivers, sensores de posicion, apertura neumatica de
la herramienta y monitoreo de torque del eje de rotacion, considerando la estructura mecénica
de la maquina como una condicion de integracién. La metodologia se organiz6 con base en el
modelo en V y se desarroll6 mediante dos prototipos. El prototipo 1 permitié6 comprobar la co-
municacion, el control de movimiento y el conteo de ciclos, pero evidencié problemas de seteo,
apertura y operacién. A partir de estos resultados se implementé el prototipo 2, incorporando
aprendizaje de torque, apertura por pulsos, revisién intermedia, continuacion sin reinicio y con-
trol manual mediante joystick. La validacion funcional en camisas de aproximadamente 100,

108 y 152 mm mostré mejoras en continuidad de trabajo, tiempo operativo y acabado visual.

Keywords: automatizacion industrial, brufiido horizontal, retrofit



Abstract

This work presents the development of an automated control system for an existing horizon-
tal honing machine, aimed at improving the repeatability, continuity, and supervision of the
honing process for sleeves and hydraulic cylinders. The proposal focused on the automation
layer through a PLC, HMI, servo drives, position sensors, pneumatic tool expansion, and torque
monitoring of the rotation axis, while considering the mechanical structure of the machine as an
integration condition. The methodology was organized according to the V-model and was de-
veloped through two prototypes. Prototype 1 verified communication, motion control, and cycle
counting, but revealed limitations related to tool setting, expansion, and operation. Based on
these findings, prototype 2 incorporated torque learning, pulse-based tool expansion, interme-
diate inspection, continuation without restarting, and manual control using a joystick. Functional
validation on sleeves of approximately 100, 108, and 152 mm showed improvements in process

continuity, operating time, and visual surface finish.

Keywords: industrial automation, horizontal honing, retrofit



TABLE 1

Relationship between ABET criteria, Bloom’s taxonomy, and project evidence.

ABET Criterion

Bloom’s taxonomy level

Evidence within the project

(section)

1. Ability to identify, formulate, and
solve complex engineering prob-
lems by applying principles of engi-

neering, science, and mathematics.

Analyze, apply, and eval-

uate.

Demonstrated in the sections
Prototype 1: specific design of
the control system, Electrical
system, inputs, outputs, and
communication, and Prototype
2: evaluation of implemented
functions, where speed cal-
culations, servomotor control,
PLC-HMI-servo driver com-
munication, and torque-based

supervision are developed.

2. Ability to apply engineering
design and produce solutions that
meet specific needs while consider-
ing safety, welfare, and economic

factors.

Create, apply, and evalu-

ate.

Demonstrated in the sections
Conceptual design and proto-
type definition, Analysis of al-
ternatives, Prototype 1: phys-
ical integration, and Proto-
type 2: functional implemen-
tation, where the retrofit solu-
tion, safety logic, assisted op-
eration, and process protection

are defined and implemented.

Continues on the next page




ABET Criterion

Bloom’s taxonomy level

Evidence within the project

(section)

3. Ability to communicate effectively

with different audiences.

Apply and analyze.

Demonstrated in the sections
Prototype 1: system architec-
tures, Prototype 1: HMI in-
terface design, and Compari-
son between prototype 1 and
prototype 2, where the doc-
ument presents architectures,
requirement tables, operating
diagrams, HMI screens, pro-
gramming structure, and vali-

dation results.

4. Ability to recognize ethical and
professional responsibilities in engi-
neering and make decisions consid-
ering the impact of engineering so-

lutions.

Apply and evaluate.

Demonstrated in the sections
Initial condition of the ma-
chine and requirements, Elec-
trical system, inputs, outputs,
and communication, and Pro-
totype 2: evaluation of imple-
mented functions, where oper-
ator safety, preservation of the
existing machine, reduction of
repetitive manual intervention,
and continuity of work are pri-

oritized.

Continues on the next page




ABET Criterion

Bloom’s taxonomy level

Evidence within the project

(section)

5. Ability to function effectively on
a team, establish goals, plan tasks,

and meet objectives.

Apply, analyze, and eval-

uate.

Demonstrated in the sections
Analysis of alternatives, Pro-
totype 1: physical integration,
and General evolution: proto-
type O, prototype 1, and pro-
totype 2, where workshop re-
quirements, component avail-
ability, integration constraints,
and feedback from prototype

testing are considered.

6. Ability to develop and conduct ap-
propriate experimentation, analyze
and interpret data, and use engi-
neering judgment to draw conclu-

sions.

Apply, analyze, and eval-

uate.

Demonstrated in the sections
Preparation for property veri-
fication, Applied experimental
criterion, Prototype 1: func-
tional results and detected
problems, and Prototype 2:
validation with real liners,
where functional tests are
planned, prototype 1 failures
are analyzed, and prototype
2 is validated through real
workpieces, operating times,
cycle continuity, and visual

finish.

Continues on the next page




ABET Criterion

Bloom’s taxonomy level

Evidence within the project

(section)

7. Ability to acquire and apply new
knowledge as needed, using appro-

priate learning strategies.

Apply and analyze.

Demonstrated in the sections
Prototype 1: specific design
of the control system, Proto-
type 1: modular PLC program-
ming, Prototype 2: correc-
tion of the rotation speed, and
Prototype 2: functional imple-
mentation, where knowledge
of honing, industrial automa-
tion, PLC programming, com-
munication with servo drivers,
HMI design, torque-based con-
trol, and adjustment of operat-

ing parameters is applied.




Chapter |

Introduction

Honing is a high-precision finishing process applied mainly to internal cylindrical sur-
faces, where diameter geometry, roughness, and tribological condition directly influence the
component’s operation [2, 3]. In this context, the process is not limited to material removal,
but rather seeks to correct bore irregularities and produce a functional surface for contact, lu-
brication, and wear conditions, especially in engine liners, hydraulic cylinders, and elements
operating with internal relative motion [4, 5].

An important characteristic of honing is the formation of the crossed pattern or cross-
hatch, which appears due to the combination of tool rotation and the alternating axial move-
ment of the abrasive stone [6, 7]. This pattern has a practical function because it contributes
to lubricant retention and contact stability between surfaces, so the selection of axial speed,
rotational speed, and contact pressure cannot be treated as an independent decision within the
process [8,9].

The reviewed literature shows that a large part of honing studies focuses on engine
liners, surface textures [3, 7, 10]. However, the same technical principle is applicable to the
reconditioning of hydraulic cylinders, where internal scratches, localized wear, or a non-uniform
surface can compromise the subsequent performance of the cylinder and require a controlled
finishing process before returning the part to service [11].

In the industrial field, modern commercial horizontal honing machines incorporate con-
trol functions through PLCs, touch screens, load measurement, dwell functions, localized ma-
chining through short-stroking, and regulation of tool expansion [12]. These characteristics
show that the trend of the process is not to depend solely on the operator’s manual skill, but to
integrate drives, monitoring, and control in order to improve work-cycle repeatability [13].

Even so, the purchase of a new machine is not always a viable solution for workshops
or companies that already have a functional mechanical structure. In these cases, retrofitting
makes it possible to preserve the machine base and incorporate sensors, actuators, controllers,
and supervision layers to increase control capability without replacing the entire equipment [14].
This vision is also related to the digitalization of machine tools, where the objective is to take

advantage of existing equipment through the integration of communication, data acquisition,



and industrial control [15].

The case of Carmet Ingenieria Aplicada falls within this need. The company works
in hydraulic cylinder repair and surface finishing processes, and it has an existing horizontal
honing machine whose mechanical structure can still be used; however, the regulation of tool
expansion and part of the intervention in the cycle still depend on the operator’'s manual judg-
ment. For this reason, the technical problem is not focused on designing a honing machine
from scratch, but on implementing an automated control system on an existing machine, re-
specting the mechanical conditions provided by the company and concentrating the scope of
the thesis on automation, control, the operating interface, and the functional validation of the
process.

The motor electrical signal is a useful alternative for obtaining indirect information about
the process, since in different machining operations the current or power of the drive has been
used to infer load, tool wear, or changes in cutting conditions [16—18]. Although these works
do not correspond directly to the honing of hydraulic cylinders, they do justify the use of drive
signals as a low-invasive monitoring basis, especially when the objective is to modernize an
existing machine without installing complex sensors inside the working area [19].

Based on the above, the present work proposes the development of an automated sys-
tem for an existing horizontal honing machine, using a PLC, HMI, servo drives, position sensors,
and assisted pneumatic expansion to regulate the operation of the tool during the process. The
contribution of the thesis is centered on the control architecture, PLC modular programming,
the HMI interface, speed calculation, torque monitoring, and the functional verification of the
prototype; therefore, the mechanical adaptations related to support, transmission, assembly,
and geometry are considered integration conditions provided or defined by the company, rather
than the main design contribution of the work.

The general objective of this project is:

» To design and implement an automated control system for the dynamic regulation of an
existing horizontal honing machine at Carmet Ingenieria Aplicada.

The specific objectives to achieve this goal are:

To regulate the expansion of the tool based on motor signals.

» To execute honing cycles with greater repeatability.

To evaluate the improvement achieved in operating time, process continuity, and visual

finish of real liners.
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Methodology and design

The project was developed as a retrofit automation, because the objective was not to
build a new horizontal honing machine, but to incorporate a control, supervision, and commu-
nication layer onto an existing machine. This approach made it possible to reuse the available
mechanical structure and to focus the contribution of the thesis on PLC programming, the HMI
interface, communication with servo drivers, process variable acquisition, safety logic, and the
functional integration of prototype 1, which is consistent with the modernization of legacy ma-
chines through new control and connectivity capabilities.

The methodology was organized based on the V-model proposed in VDI 2206 [1], in
order to relate the initial requirements to the conceptual design, the analysis of alternatives,
the specific design, the implementation of prototype 1, and the preparation of the functional
verifications.

Application of the V-model

The V-model was used as a work guide to prevent the automation from being solved
only through trial and error, since VDI 2206 presents it as a macro-cycle for the development
of mechatronic systems. On the left side, the requirements, conceptual design, analysis of al-
ternatives, and architectures were placed; at the vertex, the implementation of prototype 1 was
located through PLC programming, HMI configuration, electrical integration, communication
with servo drivers, and commissioning; and on the right side, the functional verifications were
defined to evaluate communication, motion, safety, tool expansion, and the automatic cycle.

Application of the V-Model

Operation with

System
requirements /1 real garments

Left Branch & Right Brar_lch_
(Definition / Design) System validati g /
Conceptual f (complete machine behavior)
design

Subsystem integration
(set-up, joystick, tool opening,
Detailed design \ automatic sequence)
(PLC, HMI, servo drives, g
communications, safety logic) Unit tests
/ﬁ (communication and motion)

Implementation
Programming, electrical integration,
and commissioning.

Fig. 1. Application of the V-model to the development, implementation, and integration of the
automation system, adapted from VDI 2206 [1].
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The application of the model was adjusted to the actual scope of the thesis, because
the mechanical support design and the physical adaptation of the machine were considered
conditions already developed or provided by the company to enable control integration. There-
fore, the mechanical parts appearing in this chapter are described only as interfaces necessary
for automation; the contribution of the document is focused on the control layer, industrial com-
munication, and the programmed operation of the honing machine.

Validation was proposed as a progressive verification of blocks rather than as a single
final test. First, communication between the HMI, PLC, and servo drivers had to be verified;
then the translation and rotation motions had to be tested; afterward, setup, the automatic cycle,
cycle counting, pulse-based expansion, and stops were integrated; finally, the evaluation of
machine behavior with real liners was prepared.

Initial condition of the machine and requirements

The starting point was a locally manufactured horizontal honing machine used for the
internal finishing of cylinders, liners, and hydraulic components. The machine had a functional
mechanical structure, a translation system, a rotation system, and a commercial honing tool,
but its operation depended largely on the operator: positioning, feed, return, visual inspection,
stone expansion adjustment, and control of working time. In honing processes, the relationship
between axial speed, rotational speed, contact pressure, abrasive, and the initial condition of
the workpiece directly influences the obtained finish; therefore, the automation had to maintain
controlled human intervention rather than fully replace the operator’s judgment.

In its initial condition, the machine was able to perform real jobs, but it presented op-
erational limitations: low repeatability, absence of automatic cycle counting, continuous de-
pendence on the operator, lack of integration between feed, rotation, and tool expansion, and
difficulty in maintaining constant conditions during long jobs. These conditions led to the def-
inition of an assisted solution, capable of automating repetitive actions while maintaining the
possibility of inspection and adjustment whenever the condition of the liner requires it.

The functional and non-functional requirements, together with the constraints consid-
ered to reach prototype 1, are presented in Tab. 2. This table defines the scope of the chapter,
because the functions associated with later improvements of prototype 2 are analyzed after-

ward as results derived from the first implementation.



TABLE 2

Requirements and design constraints of the automated system.
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Summary

Description

Type

FR-01

Translation control

The system had to control the axial displacement
of the tool carriage between two working positions

defined by start and end sensors.

Functional

FR-02

Rotation control

The system had to control the rotation speed of the
honing tool according to the entered diameter and

the limit allowed by the drive.

Functional

FR-03

Automatic reversal

The carriage had to reverse its direction of travel
upon reaching the end sensor and the start sensor

during automatic mode.

Functional

FR-04

Cycle counting

The system had to count complete working cycles
in order to stop the process when the quantity con-

figured by the operator was reached.

Functional

FR-05

Work continuation

Once the cycles were completed, the operator had
to be able to inspect the part, enter additional cy-
cles, and continue the process without restarting

the PLC.

Functional

FR-06

Assisted expansion

The machine had to allow automatic pulse-based
expansion during the process through a pneumatic

cylinder pressing the tool handwheel.

Functional

FR-07

Torque learning

The system had to learn the working torque during
the first normal cycle, without taking as reference

the peaks generated during pneumatic expansion.

Functional

FR-08

Setup mode

The machine had to include a setup mode to po-
sition the carriage, adjust the tool, select setup

speed, and prepare the start of the cycle.

Functional

FR-09

Physical joystick

The operator had to be able to move the carriage
with a physical joystick, both in setup and during

the inspection after cycle completion.

Functional

Continues on the next page
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ID Summary Description Type
FR-10 | Manual short | During automatic operation, the operator had to be | Functional
stroke able to manually reverse the direction of the car-
riage with the joystick without incorrectly discount-
ing pending cycles.
FR-11 | Extraction mode At the end of the process, the system had to en- | Functional
able an extraction mode to remove the tool with
controlled manual movement.
FR-12 | HMI interface The HMI had to allow the entry of diameter, cycles, | Functional
speed selection, visualization of states, speeds,
torque, and the enabling of window navigation.
NFR- Safety The machine had to respond to the emergency | Non-
01 stop, the physical pause button, calculation faults, | functional
and unsafe conditions by stopping speeds and
blocking critical states.
NFR- Ergonomics The controls had to be located so that the operator | Non-
02 could observe the workpiece and access the but- | functional
tons without unnecessary exposure to the working
area.
NFR- Maintainability The PLC program had to remain modular to facili- | Non-
03 tate corrections without affecting all control blocks. | functional
NFR- Operational re- | The machine had to execute repeatable forward | Non-
04 peatability and return cycles, avoiding results that depend | functional
solely on the operator’s manual skill.
NFR- Supervision The operator had to be able to observe the process | Non-
05 status and the main variables during operation. functional
DC-01 | Retrofit The mechanical structure of the existing honing | Constraint
machine had to be reused, avoiding a complete
redesign of the machine.
DC-02 | Budget The solution had to be implemented with avail- | Constraint
able or acquirable components within the eco-
nomic scope of the project.

Continues on the next page
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chanical adaptations were considered integration
conditions provided by the company; the thesis
documents their interface with the control, but
does not present them as the main design con-

tribution.

ID Summary Description Type
DC-03 | Surface validation Finish evaluation was carried out visually, due to | Constraint
the lack of an adequate roughness meter for mea-
suring deep internal cylinder surfaces.
DC-04 | Mechanical scope | The supports, couplings, transmission, and me- | Constraint

Conceptual design and prototype definition

The selected concept was an operator-assisted automation. The machine had to exe-

cute repetitive translation and rotation motions, count cycles, and actuate tool expansion, but

without eliminating operator intervention during setup, inspection, and process correction. This

criterion was maintained because repair honing depends on the initial condition of each liner

and on the practical assessment performed during the process.

The conceptual strategy was divided into five functions: preparing the tool, executing

the automatic cycle, supervising process variables, actuating pulse-based expansion, and al-

lowing a controlled pause or completion. The three development stages used throughout the

thesis are differentiated in Tab. 3, so every later reference to prototype 1 or prototype 2 corre-

sponds to a specific hardware and software condition.



TABLE 3

Definition of the development stages used in the thesis.
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Stage

Implemented condition

Purpose within the project

Prototype 0

Original machine with manual
translation, manual expansion,
visual inspection, and work-time

control by the operator.

Establish the initial operational condition
and identify the tasks that required au-

tomation.

Prototype 1

Initial integration of PLC, HMI,
servo drives, position sensors, au-
tomatic cycles, torque reading, and

pneumatic expansion.

Verify communication, motion control,
cycle counting, and the feasibility of the

automation architecture.

Prototype 2

Corrected control with diameter-
based rotation speed, manual
initial setting, torque learning,
physical joystick, intermediate
inspection, continuation without
PLC restart, and manual short

stroke.

Resolve the limitations detected in pro-
totype 1 and validate the machine under

real workshop conditions.

Prototype 1: system architectures

The functional architecture of prototype 1 is presented as a five-stage pipeline in Fig. 2.

The first stage groups the commands entered from the HMI and the physical buttons; the sec-

ond stage contains the PLC mode logic, speed calculations, cycle counting, and torque learn-

ing; the third stage contains the servo drives and the pneumatic valve; the fourth stage repre-

sents the mechanical action on the liner; and the fifth stage returns the position, speed, and

torque signals to the PLC.
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PROTOTYPE 1 - FUNCTIONAL CONTROL PIPELINE
1. OPERATOR AND COMMANDS

HMI
Diameter, cycles and speed Start, pause and emergency

2. PLC CONTROL AND SUPERVISION
Cycle counter

Mode and state logic
Setup - Work - Pause - Finish Torque learning

imed pulse speed / enable “\speed / enable
”””” /4IVESA\IDACTUAT N

Solenoid valve and Rotation servo drive Translation servo drive
pneumatic cylinder and 3 kW motor and 1.5 kW motor

Speed calculation

Delta DVP14SS2 PLC

S~ | Higital inputs [RS485 monitoring
,,,,,,,,,,, \

HONING PROCESS ~_ N

Liner or cylinder
with lubrication

2.

i
! Spindle, honing tool Reducer, rack and pinion axial stroke
: and expansion handwheel Axial carriage motion

“u

!

! Start/end sensors Actual speed and |1
: Cylinder position sensor rotation torque '

Fig. 2. Functional control pipeline implemented in prototype 1, from operator commands to process
feedback.

The operational logic of prototype 1 is separated into welcome, setup, automatic work,
pause, cycle completion, and extraction states, as shown in Fig. 3. The arrows indicate the
event that permits each transition, while the dashed return from completion to setup represents

the additional adjustment that was still required when the operator decided to continue the
process.
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PROTOTYPE 1 - OPERATIONAL STATE LOGIC

PAUSE
Zero speed; sequence retained

WELCOME
System initialization

Start enabled

SETUP
Position carriage and prepare tool

Setup confirmed

\
g AUTOMATIC WORK 0 ;Additional adjustment or cycles
Rotation, translation and cycle counting '

Resume \Pause

\
Programmed cycles completed

CYCLE COMPLETION
Stop command and operator decision

-
Finish process

EXTRACTION
Controlled tool removal

Fig. 3. Operational-state logic of prototype 1, including pause, completion, and extraction transitions.

The physical architecture in Fig. 4 identifies the machine subsystems and the type of
connection between them. The translation branch includes the servo drive, the 1.5 kW motor,
the reducer, the rack-and-pinion mechanism, and the carriage; the rotation branch includes
the second servo drive, the 3 kW motor, the head, spindle, and honing tool; and the expan-
sion branch includes the solenoid valve, pneumatic cylinder, actuation shoe, and expansion

handwheel.
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PHYSICAL ARCHITECTURE AND MACHINE SUBSYSTEMS
[ Operator panel j
HMI + physical buttons
icommands and status
( Electrical cabinet j
PLC, protections and power supplies

igital output  |RS485 + enable RS485 + enable

(Solenoid valvej (Translation servo drive) (Rotation servo drive)

A

(Pneumatic cylinder + shoe) (1.5 kW servo + reducer) (3 kW servo + reducer)

%pansion pulse
(Expansion handwheel)

digital inputs

Imechanical power

Rack-and-pinion
transmission

Head, spindle and
honing tool

Supports axial motion otation and abrasive contact

- - —{Start/end inductive sensors) (Cylinder or Iiner)

Fig. 4. Physical architecture of the machine, with the translation, rotation, sensing, and pneumatic
expansion subsystems identified.

Translation carriage

Analysis of alternatives

The analysis of alternatives was carried out to select the control and interaction ele-
ments that would allow viable integration into the existing machine. The main criteria were
availability, cost, ease of communication, operational safety, maintenance, and the possibility
of continuing to use the structure of the honing machine, which preserves the focus on upgrad-

ing existing machinery. The comparison performed is presented in Tab. 4.



TABLE 4
Analysis of alternatives for the main subsystems.
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Subsystem

Alternatives considered

Decision criterion

Selection

Main control

Microcontroller, Siemens

PLC, Delta PLC.

Industrial robustness,
availability, ease of con-
nection with HMI and

drivers.

Delta DVP14SS2
PLC.

Axial movement

AC motor with drive, ser-
vomotor, hydraulic sys-

tem.

Speed control, fast rever-
sal, communication, and

repeatability.

1.5 kW servomotor

with reducer and

rack-and-pinion.

Rotation

AC motor, drive, servo-

motor.

Speed variation, driver
reading, and response to

tool expansion.

3 kW servomotor

with reducer.

tuator, pneumatic cylin-
der on handwheel, man-

ual expansion.

with the existing tool, and

possibility of pulses.

Axial position External encoder, induc- | Availability, cost, and | Start and end in-
tive sensors, mechanical | ease of installation. ductive sensors.
limit switch.

Tool expansion Auxiliary motor, linear ac- | Simplicity, compatibility | Pneumatic cylinder

on the expansion

handwheel.

Operator interac-

tion

HMI only, HMI with phys-

ical buttons, dedicated

panel.

Cost, ease of implemen-
tation, and safety during

setup.

HMI with physical

start, pause, and
emergency but-
tons.

The selected alternative preserves the functional mechanical structure of the honing

machine and incorporates new control, communication, and supervision layers. For this rea-

son, the mechanical parts and assemblies appearing in the document are used to explain the

physical interface of the automation, not to present a complete mechanical redesign as the

main contribution of the thesis.

Prototype 1: specific design of the control system

The specific design of prototype 1 focused on the translation and rotation commands

that the PLC had to send to the servo drivers. The calculation sequence was kept explicit
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because each variable was later implemented as a PLC register or an intermediate value in the
speed-calculation module.
Translation-axis sizing

The translation axis uses a 1.5 kW servomotor coupled to a reducer. In Equation 2.1,
itrq IS the dimensionless transmission ratio between the servomotor and the reducer output;

the value 29 : 1 means that the motor performs 29 revolutions for one output revolution.

itra =29 : 1 (2.1)

The calibrated linear advance is defined in Equation 2.2. The variable L., is the axial
displacement of the carriage for one reducer-output revolution and is expressed in millimeters

per revolution.

Lyey = 213.5 mm/rev (2.2)

The operator enters the desired axial speed as v, in meters per minute. Equation 2.3
converts this value into v,,, the axial speed in millimeters per minute, so that it can be combined

with L., using consistent units.

Vaz = 1000 vy (2.3)

In Equation 2.4, nyu: trq 1S the required reducer-output speed in revolutions per minute.
Equation 2.5 then obtains n,, +r,, the translation-servomotor speed in revolutions per minute,

by multiplying the output speed by the transmission ratio i;.,.

Vaz

Nout,tra = I (24)
rev

Mo, tra = ttra Nout tra (2.5)

The DA200A driver receives an integer register value. Therefore, Equation 2.6 defines

W RSpeedr,, as the PLC translation-speed command, scaled by a factor of ten with respect to

nm,tra-
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W RSpeedryr, = 101, tra (2.6)

For the verification case vs = 15 m/min, Equation 2.7 produces n,, +r, = 2037.4 rpm
and the corresponding integer command W RSpeedr,q =~ 20374.
15000

N tra = 29 (2135> = 2037.4 rpm, W RSpeedp,, ~ 20374 2.7)

Prototype 1: initial rotation-axis sizing

Prototype 1 used an initial geometric criterion that linked axial motion, tangential motion,
and the desired trajectory angle. This criterion belongs only to prototype 1; the diameter-based
correction incorporated in prototype 2 is presented later in Section 3.5.

In Equation 2.8, i, is the dimensionless transmission ratio between the rotation ser-
vomotor and the honing-tool shaft. A ratio of 3.75 : 1 means that the motor performs 3.75

revolutions for one tool revolution.
irot = 3.75: 1 (2.8)
Equation 2.9 defines v, the tangential speed of the abrasive contact in meters per
minute, from the axial speed v,, and the desired trajectory angle «, expressed in degrees.

v = Vgy tan(a) (2.9)

In Equation 2.10, ny,; is the honing-tool speed in revolutions per minute and D is the
inner diameter of the liner in millimeters. Equation 2.11 converts the tool speed into the required

rotation-motor speed n,, ... EQuation 2.12 defines the integer PLC command W RSpeedro;-

1000 vy
ool — 2.10
Ntool D ( )
Nm,rot = Lrot Mool (211)

W RSpeedrot = 10 1 rot (2.12)
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Equation 2.13 expresses the inverse relationship, where « is calculated from the ratio
between v, and v,,. This equation remained a design reference because prototype 1 did not

include an external encoder for closed-loop measurement of the actual trajectory angle.

a=tan~! (”) (2.13)
v,

axr

Mechanical conditions received for integration

The CAD models in Figs. 5 and 6 identify the mechanical interfaces used by the control
system. Figure 5 labels the machine frame, linear guides, axial rack, translation carriage, and
support for the rotation head; Fig. 6 labels the tool coupling, expansion mechanism, expansion

handwheel, and drive connection.

Rack for axial drlve

Machlne frame and I|

guldes

Translation carriage

Fig. 5. Annotated CAD model of the carriage assembly and the mechanical interfaces used by the
translation control.



22

Tool coupling

) =
xpansion handwheel

Fig. 6. Annotated CAD model of the head, expansion handwheel, coupling, and drive connection.

The rack-and-pinion system presented in Fig. 7 made it possible to transform the re-
ducer output rotation into linear motion of the carriage. For this reason, it was maintained as
part of the base machine and integrated into the new speed control of the translation servomo-

tor.
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Fig. 7. Rack-and-pinion system used for the axial displacement of the carriage.

Tool expansion system

The honing tool used has an adjustment handwheel, so directly automating its rotation
with an auxiliary motor was complex because the handwheel rotates together with the tool. The
available physical solution was a pneumatic cylinder that presses the handwheel by means of
a shoe during short intervals, as shown in Fig. 8; the control contribution consisted of actuating
the solenoid valve, timing the pulse, reading the cylinder condition, and relating expansion to

the driver torque reading.
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Pneumatic cylinder |/

Fig. 8. Annotated pneumatic expansion assembly: cylinder, guiding rods, actuation shoe, air fittings,
and handwheel contact zone.

In prototype 1, assisted expansion was made available from the control, but the initial
setup of the tool still depended on the operator’s adjustment and the condition of the liner. After
setup, the PLC was responsible for learning a torque reference during the first normal cycle and
for requesting expansion pulses during automatic operation.

Electrical system, inputs, outputs, and communication

The electrical system was organized around a Delta DVP14SS2 PLC, a Kinco GLO70E
HMI, and two Delta DA200A servo drivers. The HMI communicated with the PLC through
RS232, while the PLC communicated with the servo drivers through RS485 using PLC Link,

with one assigned station for translation and another for rotation. This architecture made it
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possible to write speed commands and read real variables from the drivers, which is consistent
with digitalization and monitoring strategies for existing machine tools.

The PLC input/output and communication structure of prototype 1 is summarized in
Fig. 9. The diagram separates the digital inputs, the digital outputs, the RS232 link with the
HMI, and the RS485 PLC Link connection with the two servo drivers, making the signal direction
and the function of each block explicit.

PROTOTYPE 1 - PLC INPUT/OUTPUT AND COMMUNICATION BLOCK DIAGRAM
DIGITAL INPUTS

X2 Start sensor
X3 End sensor

( X4 Pneumatic cylinder sensor )

X5 Pause button

X6 Emergency stop

4 VDC signals

4 VDC signals

24 VDC signals

24 VDC signals

DELTA DVP14SS2 PLC
) Mode logic, speed calculation,
24VDC signals cycle counting and torque control

24 VDC signals
X7 Start button

KINCO HMI
RS232
Commands and visualization

[ DA200A SERVO DRIVERS ]

RS485 PLC Link
Speed command + actual speed/torque

Fig. 9. PLC input/output and communication block diagram for prototype 1.

The PLC Link configuration used to connect the PLC with the servo drivers allowed the
PLC to write the translation and rotation speed registers and to read monitoring variables such
as actual speed and torque without adding invasive sensors inside the working area.

The distribution of the main inputs and outputs of prototype 1 is presented in Tab. 5.
This assignment made it possible to separate command signals, position sensors, pneumatic
signal, lights, servo enabling, and emergency functions within the PLC program.
Prototype 1: modular PLC programming

The programming was divided into modules to prevent motion control, HMI, commu-
nication, setup, work, torque, and completion from being mixed into a single routine. Tab. 6

summarizes the programming blocks used to structure prototype 1.
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TABLE 5
Main inputs and outputs used in prototype 1.
Input Function Output Function
X2 Start-of-stroke inductive sensor. | YO Alarm or warning signal.
X3 End-of-stroke inductive sensor. | Y1 Green light indicating start en-
abled.
X4 Sensor associated with the | Y2 Red light for pause or reset en-
pneumatic cylinder. abled.
X5 Red pause button. Y3 Pneumatic expansion solenoid
valve.
X6 Emergency stop. Y4 Translation driver enable.
X7 Green start button. Y5 Rotation driver enable.
TABLE 6
Modular programming structure implemented in the PLC.
Module Function within the control
Initialization Clears markers, loads base values, enables initial conditions, and
(Inicializacion) prepares communication.
Communication Commands register reading and writing between PLC, HMI, and
(Comunicacion) servo drivers.
Setup mode Allows preparation of the tool, carriage movement, selection of

(Modo_Seteo)

setup speed, and confirmation of the initial condition.

Speed calculation

(Calculo_Velocidad)

Calculates translation speed and initial rotation speed, applies

command scales, and validates limits.

Work mode

(Modo_Trabajo)

Executes the automatic cycle, reverses by sensors, discounts cy-

cles, and manages pauses.

Torque control

(Control_Torque)

Reads the rotation-axis torque, learns the initial reference, and

manages expansion pulses.

Completion Stops speeds, enables extraction, and clears markers when the
(Finalizacion) process is completed.
Setup mode

The setup mode was designed to prepare the tool before starting operation, allowing
carriage movement, setup speed selection, and confirmation of the initial position. For proto-
type 1, three low, medium, and high speed levels were defined, equivalent to 25%, 50%, and

100% of a maximum setup speed, with the objective of preventing the operator from entering
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numerical values during this stage.
Automatic work mode

The work mode starts when setup has been confirmed and the operator presses the
green button. In this mode, the PLC writes the rotation speed to register WRSpeed_Rot, writes
the translation speed to register WRSpeed_Tra, reverses the carriage between the start and end
sensors, and discounts cycles only when a valid forward-and-return sequence is completed.
Torque learning and pulse-based expansion

Torque is read from the rotation driver and used as an indirect indicator of tool load,
following the criterion of taking advantage of drive signals to monitor process conditions with-
out adding invasive instrumentation in the working area. In prototype 1, the working torque
was learned during the first normal cycle before considering expansion pulses, because the
pneumatic cylinder could generate peaks associated with contact with the handwheel and not
necessarily with the actual cutting effort.

In Equation 2.14, T, (k) is the rotation-driver torque sample at sampling instant &, and
Twork IS the maximum torque observed during the first normal cycle, excluding pneumatic-
expansion pulses. The percentages p;,,, and py;,4, define the permitted decrease and increase
relative to T,,.«; therefore, T,,;» and T}, in Equations 2.15 and 2.16 are the lower and upper

monitoring thresholds.

Twork = Max (Trot(k)), k€ first normal cycle (2.14)
100 — prow
Tin = Twor 100 2.15
F ( 100 > (219
100 + phign
Tnaz = Twor 100 2.1
b < 100 > (2.10)

Automatic expansion was controlled through solenoid-valve pulses parameterized from
the PLC. The objective of this logic was for the tool to be able to progressively increase its con-
tact with the liner without depending on continuous manual action, maintaining torque reading

as an indirect reference of process load.
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Prototype 1: HMI interface design

The HMI was organized into welcome, setup, process, completion, and extraction win-
dows so that the operator would not have to search for critical functions on a single screen.
The welcome screen concentrates the general start-up, the setup screen prepares the tool, the
process screen displays speeds, torque, and cycles, the completion screen allows the operator
to decide the process exit, and the extraction screen allows the tool to be removed with manual
control.

The process screen implemented in prototype 1 is shown in Fig. 10. This window al-
lowed the operator to review speeds, torque, process status, and cycles during machine oper-

ation.

Datos de los motores

Torque Herramienta

Velocidad de traslacié

Siguiente

Fig. 10. Process screen implemented in the HMI of prototype 1.

Prototype 1: physical integration

The integration of prototype 1 consisted of connecting the control system to the existing
machine, including servomotors, drivers, sensors, solenoid valve, HMI, physical buttons, and
control cabinets. This integration is documented because it makes it possible to understand
the operation of the automated system, but the main contribution of the thesis remains the
commissioning of the control and not the structural design of the honing machine.

The physical arrangement of prototype 1 is presented in Fig. 11. At this stage, the
elements necessary to execute axial motion, rotation, sensor reading, pneumatic expansion,

and operation from the HMI were integrated.
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Fig. 11. Physical integration of prototype 1 onto the horizontal honing machine.

Integration was carried out progressively: first, basic signals were connected and tested,;
then communication was verified; afterward, individual movements were tested; and finally
setup, automatic operation, pulse-based expansion, pause, completion, and extraction were
integrated. This sequence made it possible to reach a functional prototype before beginning
the detailed analysis of results.

Preparation for property verification

Verification of the prototype was planned before presenting results, defining the tech-
nical question, experimental unit, controlled factors, fixed factors, noise factors, and response
variables. In this project, the experimental unit was considered as one complete honing run on
a real liner, from setup to visual finish inspection, because this unit represents the actual way
in which the workshop evaluates the usefulness of the machine.

The elements considered for the experimental verification of the prototype are presented
in Tab. 7, it organizes the conditions that had to be observed during the later testing phase.

With this methodology, the development of prototype 1 was concluded: the require-
ments gave rise to the architecture, the architecture made it possible to implement the control,
and the control was left ready to be evaluated through functional tests and real honing tests.
The results of these verifications, together with the corrections incorporated into prototype 2,

are presented in the following chapter.
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Elements considered for the experimental verification of the prototype.
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Experimental element

Application in the project

Technical question

Verify whether the automation reduces manual intervention, keeps
the process active, and makes it possible to obtain an acceptable
visual condition in real liners.

Experimental unit

One complete work run on a liner installed in the honing machine,
from setup to visual inspection.

Controlled factors

Entered diameter, number of cycles, translation speed, initial rota-
tion speed, expansion-pulse time, and operating mode.

Fixed factors

PLC, servo drivers, HMI, honing tool, stones, stone holders, lubri-
cation system, start/end sensors, and pneumatic cylinder.

Noise factors

Previous condition of the liner, scratch depth, stone wear, align-
ment, lubrication, pneumatic pressure, and the operator’s visual
judgment.

Response variables

Process time, cycle completion, number of inspections, visual fin-
ish, scratch removal, and observations of the technical supervisor.

Measurement limitation

A complete metrological characterization of internal roughness
was not proposed due to the lack of an adequate instrument for
deep interiors; initial verification was left as visual and functional
inspection.
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Chapter lll

Results

This chapter presents the results obtained after implementing prototype 1 and during the
evolution toward prototype 2. The analysis was organized by stages to avoid mixing methodol-
ogy with findings: first, the results of prototype 1 are presented; then, the design transition that
emerged from its problems is explained; afterward, the functions incorporated into prototype 2
are documented; and finally, the functional validation with real liners is presented.

Validation was not proposed as a complete statistical characterization of surface quality,
because there was no roughness tester suitable for deep internal surfaces, nor was there a
sufficient replication campaign to apply a formal statistical analysis. For this reason, the results
are interpreted as functional and operational validation: the machine had to execute repeatable
cycles, keep the process active, allow safe operator intervention, reduce continuous manual
operation, and obtain an acceptable visual improvement on real workshop parts.

Applied experimental criterion

Before comparing the prototypes, verification was organized using an experimental logic
applied to mechatronic systems: a technical question, an experimental unit, controlled factors,
fixed factors, noise factors, and response variables were defined. This organization was im-
portant because it made it possible to separate prototype 1 as a diagnostic stage and prototype
2 as a functional verification stage under real working conditions.

The technical question used to interpret the results was the following: does the au-
tomation of the horizontal honing machine make it possible to execute repeatable honing cy-
cles, reduce continuous manual intervention by the operator, and obtain an acceptable visual
improvement in real hydraulic cylinder liners? The planning used to answer this question is

summarized in Tab. 8.



TABLE 8

Experimental planning applied to the verification of the prototypes.

32

Element

Application in the automated honing machine

Experimental question

Verify whether the automated system executes repeatable cycles,
keeps the honing process active, and makes it possible to obtain

a visually acceptable surface with less manual intervention.

Experimental unit

One complete work run on a liner installed in the machine.

Controlled factors

Entered diameter, translation speed, calculated rotation speed,
number of cycles, expansion pulse time, and operator intervention

mode.

Fixed factors

Delta DVP14SS2 PLC, Kinco GLO70E HMI, DA200A servo drivers,
servomotors, honing tool, stones, stone holders, inductive sensors,

and pneumatic cylinder.

Noise factors

Initial condition of the liner, scratch depth, stone wear, alignment,
lubrication, pneumatic pressure, mounting variation, and the oper-

ator’s visual criterion.

Response variables

Total process time, scratch removal, internal visual finish, work
continuity, executed cycles, need for additional cycles, and obser-

vations from the technical supervisor.

Measurement limitation

Internal roughness was not measured due to the lack of a rough-
ness tester suitable for deep internal surfaces; therefore, the finish
was evaluated visually and according to the workshop acceptance

criterion.

General evolution of the prototypes

The development is understood in three stages: initial condition or prototype 0, pro-

totype 1, and prototype 2. The initial condition made it possible to identify the limitations of

manual operation; prototype 1 verified that automation was feasible through PLC, HMI, servo

drivers, sensors, and pneumatic expansion; and prototype 2 incorporated the necessary cor-

rections to convert the initial integration into a functional workshop operation. This evolution is

summarized in Tab. 9.
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Evolution of the implemented solution by prototypes.
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Stage

Achieved result

Main lesson learned

Prototype 0

Operational base machine, but de-
pendent on manual intervention for
translation, inspection, expansion,

and time control.

It was necessary to automate repet-
itive tasks without eliminating the

operator’s judgment.

Prototype 1

Integration of PLC, HMI, servo
drivers, sensors, automatic cycles,
torque reading, and pulse-based

pneumatic expansion.

Automation was feasible, but prob-
lems were detected in setup, ex-
pansion, speed scaling, finish, and

manual intervention.

Prototype 2

Programming corrections, initial

manual setup, physical joystick,

intermediate  inspection,  cycle

continuation, short stroke, auto-

The machine achieved a more pro-
ductive and useful operation for real

workshop conditions.

matic expansion, and improved

ergonomics.

Results of prototype 1

Prototype 1 fulfilled a diagnostic role because it demonstrated that the general architec-
ture was feasible, but it also showed that the initial logic was not sufficient to obtain an accept-
able honing condition. It was verified that the PLC could write speeds to the servo drivers, read
actual variables, move the carriage between sensors, actuate the pneumatic solenoid valve,
and display data on the HMI; however, the actual behavior of expansion, torque, and finish
required later corrections.

The first relevant test was carried out on a liner of approximately 108 mm. Figure 12
identifies the two visual defects used in the diagnosis: a persistent longitudinal mark and an
area with dominant directional marks instead of a uniform crossed texture. These callouts
do not represent a depth measurement; they identify the regions that remained visible under

obligue illumination and motivated the speed and expansion corrections.
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Persistent longitudinal
mark

Fig. 12. Annotated visual condition of the 108 mm liner during prototype 1.

In the 100 mm test, the defects were classified by their direction. The axial scratch in
Fig. 13 is a continuous line approximately parallel to the liner axis, whereas the circumferential
scoring is a dominant ring-shaped mark around the bore. Both remain visually distinguishable
from the finer honing texture and were therefore used as the reference defects for the later

before-and-after comparison.
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Axial scratch:
continuous line along
the liner axi

Circumferential scoring: |
dominant ring-shaped
mark

Fig. 13. Annotated axial scratch and circumferential scoring observed on the 100 mm liner during
prototype 1.

During the same stage, damage to a honing stone also occurred, as shown in Fig. 14.
This failure was interpreted as an unfavorable working condition, because the tool was advanc-
ing and expanding, but the relationship between rotation and feed was not correctly distributing

abrasive contact over the internal surface.
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Fig. 14. Fractured honing stone during prototype 1 tests.

The main problems of prototype 1 were four: HMI-based setup could leave the tool
too tight, the torque logic could interpret a normal increase during expansion as a fault, some
speed scales had to be corrected, and the operator did not have a practical way to intervene
locally during the cycle. These findings justified the transition toward prototype 2, in which the
automation was corrected without attempting to eliminate the operator’s judgment.

Prototype 2: corrections derived from prototype 1

After the tests of prototype 1, the operating strategy changed: the system should not
attempt to fully replace the operator, but rather automate repetitive tasks and allow controlled
manual intervention when necessary. This change was consistent with the real behavior of
repair honing, where each liner may require inspection and adjustments depending on its initial
condition.

The first decision was to remove automatic expansion as the main initial setup action.
Instead of expanding from the HMI until contact is achieved, the operator manually adjusts the
tool from the handwheel to start from a safe condition; afterward, the system starts automatic
operation and learns the reference torque during the first normal cycle. This avoided learning
false values generated by expansion pulses or by an excessively tightened tool.

The second decision was to eliminate over-torque stop as a normal working condition.
During the tests, it was observed that torque can increase during expansion because the tool
acts as a brake while expanding, and this increase does not necessarily represent a fault.

Therefore, torque began to be used as a process reference to decide contact or expansion,
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while safety remained associated with emergency stop, pause, Sensors, servo permissions,
and recovery logic.

The third decision was to keep the motors enabled when the cycles ended, sending
zero speeds and entering an inspection state. This allowed the operator to manually close
the stones, partially withdraw the tool, inspect the liner, add cycles if necessary, and continue
without restarting the PLC. This logic was key to transforming the automatic cycle into a useful
workshop operation.

Prototype 2: correction of the rotation speed

Prototype 1 showed that the initial rotation calculation did not provide the best finish, so
in prototype 2 a speed criterion dependent on the working diameter was adopted. The technical
reference used to define tool speed is shown in [20], and it was integrated into the PLC cal-
culation so that the operator enters the diameter and the system calculates the corresponding
rotation speed.

The corrected tool speed was calculated using Equation 3.1. In this relationship, D
corresponds to the inner diameter of the liner in millimeters and n;,,; corresponds to the tool
speed in revolutions per minute [20].

30000
Ntool = T (3 l)

Equation 3.2 calculates the rotation-motor speed n,, .. in revolutions per minute from
Irot = 3.75 and ngyp. Equation 3.3 defines W RSpeedg.t, the integer command written by the

PLC to the rotation driver.

Nm,rot = Lrot Mool (32)

W RSpeedrot = 10 1, ot (3.3)

This correction was relevant because it separated the initial geometric criterion used in
the methodology from the technical decision obtained after testing prototype 1. For this reason,
Equation 3.1 is not presented in the methodology chapter as an initial design, but in the results

as an applied adjustment to solve the problem observed during the first tests.
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Prototype 2: functional implementation

Prototype 2 integrated the improvements needed for the machine to work productively
under real conditions. The modifications were concentrated on five aspects: safer initial setup,
torque learning during the first normal cycle, pulse-based expansion without unnecessary stop-
ping, inspection at the end of cycles, and manual operation through a physical joystick.

The first visible improvement was the incorporation of a physical joystick and the relo-

cation of the operating panel. The printed design of the joystick box is shown in Fig. 15.

Fig. 15. ABS-printed box used to install the physical operating joystick.

The location of the operating panel with HMI, buttons, and joystick is presented in
Fig. 16. This modification allowed the operator to move the carriage more comfortably dur-

ing setup, inspection, extraction, and manual short stroke.

Fig. 16. Relocated operating panel with HMI, physical buttons, and joystick.
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The setup of prototype 2 changed with respect to prototype 1: the initial expansion of the
tool is no longer carried out from the HMI as the main action, but manually from the handwheel.
This decision reduced the risk of excessively tightening the stones before starting, and allowed
the system to learn a more representative working torque during the first normal cycle.

Automatic expansion was maintained, but it was no longer used to stop the system
due to over-torque. The PLC learns the reference torque from the first normal cycle and then
uses that value to decide pulse-based expansions during work, avoiding the transient peaks
generated by the pneumatic cylinder from being interpreted as a process fault.

Cycle counting was simplified to avoid conflicts between actual cycles and partial move-
ments. The cycle is considered complete when the carriage reaches the final end and then re-
turns to the start sensor; if the operator reverses motion before completing the stroke by means
of short stroke, the PLC does not count a false cycle. This difference allowed the operator to
concentrate work on damaged areas without altering the official count.

At the end of the programmed cycles, prototype 2 enters an inspection state and does
not disable the motors. In this state, the speeds are set to zero, but the operator can manually
close the tool, move the carriage with the joystick, partially withdraw the tool, inspect the liner,
enter additional cycles, and continue with the HMI button and the green physical button. This
logic avoided unnecessary restarts and allowed inspection to become a normal part of the
process.

Prototype 2: validation with real liners

Validation of prototype 2 was carried out with real workshop liners, prioritizing cycle
continuity, reduction of continuous manual intervention, and visual correction of the dominant
defects identified in prototype 1. Visual inspection was performed with oblique illumination and
considered three criteria: persistence of axial or circumferential scratches, uniformity of the vis-
ible honing texture, and the presence of isolated shiny bands. Because no internal roughness
meter was available, this inspection does not quantify scratch depth or surface roughness.

The 108 mm liner was processed for approximately 70 cycles in 30 min. Figure 17
compares the prototype 1 condition with the prototype 2 result and indicates the same type of
visual regions in both images. In the inspected area after prototype 2, the previously dominant
longitudinal groove was no longer visually evident and the texture appeared more uniform under

the available illumination.
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Prototype 1: before correction Prototype 2: after correction

Persistent longitudinal N . "% £
mark Y P More uniform texture in

the inspected area

No dominant axial groove
visible under this

Fig. 17. Before-and-after visual comparison of the 108 mm liner, with the inspected defects and
corrected regions indicated.

The 100 mm case used the axial scratch and circumferential scoring identified in Fig. 13
as the visual reference. The before-and-after comparison in Fig. 18 shows the prototype 1
defects on the left and the final condition after prototype 2 on the right. The part reached
the workshop delivery condition in approximately 45 min, although the result remains a visual

acceptance rather than a metrological roughness measurement.
Prototype 1: identified scratches Prototype 2: final visual condition

Continuous finish
without the dominant
scratch identified
before

Fig. 18. Before-and-after visual comparison of the 100 mm liner, with the dominant scratch and the
final inspection region indicated.

A 152 mm liner with severe scratching was also processed. Recovery required approx-
imately 2 h and several intermediate inspections; during these intervals, the operator added
cycles and continued the process without restarting the PLC. The measured automated times

are summarized in Tab. 10.
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TABLE 10
Measured operating times during the functional validation of prototype 2.
Liner Measured Working condition Observed result
time

108 mm 30 min Approximately 70 cycles to cor- | Dominant groove not visu-
rect the marks left by prototype | ally evidentin the inspected
1. area.

100 mm 45 min Recovery of the axial and cir- | Partaccepted for workshop
cumferential test marks with in- | delivery.
termediate inspection.

152 mm 120 min Severe scratching; cycle-based | Visually acceptable condi-
work and several inspections. tion for workshop opera-

tion.

Table 11 contrasts the historical manual records with the automated validation. The

comparison shows that elapsed time depends strongly on the initial condition of the part; for

the nominal 152 mm cases, the automated time of 120 min is within the manual range of 110 to

120 min. Therefore, the measurable benefit supported by these data is not a universal reduc-

tion in elapsed time, but the execution of automatic cycles, the removal of continuous manual

stroking, and the possibility of inspection and continuation without restarting the controller.



42

TABLE 11
Operational time reference: historical manual records versus prototype 2 validation.

Mode Diameter Recorded time Interpretation

Manual historical | 80 mm 365 min Different part and condition; contin-

record uous operator participation was re-
quired.

Manual historical | 116 mm 350 min Different part and condition; used only

record as an operational reference.

Manual historical | 152 mm 110 and 120 min Two six-inch jobs; mean recorded

record time 115 min.

Prototype 2 100 mm 45 min Automated cycles with inspection and
continuation.

Prototype 2 108 mm 30 min Approximately 70 automated cycles.

Prototype 2 152 mm 120 min Comparable nominal diameter to the
six-inch manual records, but with a
different initial damage condition.

Prototype 2: evaluation of implemented functions

Automatic expansion was one of the most important functions of prototype 2, because it
made it possible to progressively increase tool contact without stopping the process for frequent
manual adjustments. The key improvement was to separate working torque from torque during
the pneumatic pulse, since the pulse can generate a temporary increase due to braking effect
and not necessarily due to a cutting fault.

Manual short stroke by means of the joystick allowed the operator to reverse the di-
rection of the carriage during work, reproducing a common practice of the expert operator:
concentrating the honing effort on a specific area when the liner presents localized damage.
This function does not replace automatic position measurement or a damaged-area detection
system, but it combined automation with controlled human intervention.

Inspection at the end of cycles improved operational continuity because the system
no longer forces the operator to completely finish the process when the number of cycles is
reached. Instead of turning off the servos or restarting the PLC, the machine remains in a
stable state with zero speeds, from which the operator can inspect, add cycles, or move to

general extraction.
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Safety was evaluated by differentiating pause, emergency, and end-of-cycles condi-
tions. Pause allows temporary stopping and continuation, emergency stops the system and
blocks critical states, and end of cycles keeps the machine ready for inspection. This separa-
tion prevents all stops from behaving the same way and makes it possible to adapt the control
response to the real operating situation.

Comparison between prototype 1 and prototype 2

The functional comparison between prototype 1 and prototype 2 is presented in Tab. 12.

The table shows that prototype 1 was useful to verify the feasibility of automation, while proto-

type 2 solved the main problems of operation, ergonomics, expansion, and process continuity.

TABLE 12
Functional comparison between prototype 1 and prototype 2.
Aspect Prototype 1 Prototype 2
evaluated
Rotation Based on the initial calculation of the | Calculated as a function of di-
speed relationship between feed, tangential | ameter using the 30000/D crite-
speed, and angle. rion and converted into the motor
command.
Initial setup Expansion from the HMI could leave | Initial manual adjustment from
the tool too tight. the handwheel and torque learn-
ing during the first normal cycle.
Tool expan- | Functional pneumatic expansion, but | Pulse-based expansion during
sion with risk of interpreting torque peaks as | work, without over-torque stop
a fault. as a normal condition.
Manual Manual movement limited to interface | Physical joystick for setup, in-
operation functions and less comfort during work. | spection, extraction, and manual
short stroke.
Cycle count- | Required corrections to separate com- | Official count associated with
ing plete cycles from partial movements. complete cycles; manual rever-
sals do not count false cycles.
End of cy- | Completion could interrupt process | Inspection state with zero
cles continuity. speeds, motors enabled, addi-
tional cycles, and continuation.

Continues on the next page
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Aspect Prototype 1 Prototype 2
evaluated
Visual finish | Dominant scratches and stone damage | Improved visual finish on 100,
during initial tests. 108, and 152 mm liners.
Ergonomics | Less ease of access to operation dur- | Relocated panel, physical joy-
ing the process. stick, and more comfortable op-
eration for supervision.

Functional compliance

The functional compliance of prototype 2 is summarized in Tab. 13. This table separates

the fulfilled functions from the limitations that must remain clear within the scope of the thesis,

especially the lack of quantitative internal roughness measurement and the need for future

improvements in position measurement.

TABLE 13
Compliance with functional requirements in prototype 2.
ID Evaluated function Result
FR-01 Axial translation control. Fulfilled. The carriage moves between sensors and allows
manual reversal.
FR-02 Tool rotation control. Fulfilled. Rotation is calculated from the diameter and com-
manded to the driver.
FR-03 Automatic reversal by | Fulfilled. The machine reverses between start and end dur-
Sensors. ing operation.
FR-04 Cycle counting. Fulfilled. Counting is associated with complete cycles and
allows completion.
FR-05 Work continuation. Fulfilled. The operator adds cycles and continues without
restarting the PLC.
FR-06 Assisted expansion. Fulfilled. The pneumatic cylinder executes expansion
pulses during work.
FR-07 Torque learning. Fulfilled. Torque is learned during the first normal cycle.
FR-08 Setup mode. Fulfilled. It allows tool preparation with initial manual ad-
justment.

Continues on the next page
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ID Evaluated function Result

FR-09 Physical joystick. Fulfilled. A physical command for manual motion was im-
plemented.

FR-10 Manual short stroke. Fulfilled. The operator can reverse direction during work
without counting false cycles.

FR-11 Extraction mode. Fulfilled. Extraction is enabled at the end and during gen-
eral restart.

NFR-01 Safety. Functionally fulfilled. The system responds to stop, pause,
and emergency; additional physical interlocks are recom-
mended in future versions.

NFR-02 Ergonomics. Fulfilled. The panel was relocated and a physical joystick
was added.

NFR-03 Maintainability. Fulfiled. The program remained divided into functional
modules.

DC-01 Surface validation. Fulfilled with limitation. Validation was visual due to the
lack of an internal roughness tester.

DC-02 Mechanical scope. Fulfilled as a delimitation. Mechanical adaptations are doc-
umented as an integration interface, not as the main me-
chanical design contribution.

Discussion of results

The functional results demonstrate a change in the operator’s role rather than com-

plete elimination of human intervention. Prototype 2 automatically executed the programmed

forward-and-return cycles, counted only complete cycles, applied expansion pulses, and re-

tained the process state for inspection and continuation. The operator remained responsible

for initial tool adjustment, visual inspection, and the decision to add cycles or use manual short

stroke.

The measured prototype 2 times were 30 min for the 108 mm liner, 45 min for the 100 mm

liner, and 120 min for the 152 mm liner, as reported in Tab. 10. Historical manual records ranged

from 110 to 365 min, but the parts and initial conditions were not equivalent. Consequently,

the data do not support a universal percentage reduction in total process time; they support

improved cycle continuity and reduced need for continuous manual stroking.

The visual correction is associated with the combined changes between prototypes:
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diameter-based rotation speed, programmed axial feed, torque-referenced expansion, and con-
trolled manual reversal. The annotated comparisons in Figs. 17 and 18 make the visual criterion
explicit by identifying the dominant scratches before correction and the inspected regions after
prototype 2.

The use of rotation-driver torque was useful as an indirect process signal, but the tests
also showed that the signal must be interpreted according to the operating state. During a
pneumatic expansion pulse, torque can rise because the tool is being mechanically loaded;
therefore, the pulse interval was excluded from the normal-cycle reference and torque was not
retained as a simple overload stop.

The principal limitation remains metrological validation. Visual inspection and workshop
acceptance demonstrate functional usefulness, but they do not quantify roughness, crosshatch
angle, cylindricity, or scratch depth. The results should therefore be interpreted as operational
validation of the automated control system and not as a complete statistical characterization of
surface quality.

Estimated implementation cost

To complement the functional validation, an approximate cost summary of the imple-
mented system is presented in Tab. 14. This estimate includes only the direct electrical, elec-
tronic, control, and labor costs associated with this thesis. Mechanical adaptations, workshop

infrastructure, and general-purpose tools were excluded.

TABLE 14
Estimated direct cost of the implemented thesis prototype.

Concept Estimated cost [USD]

Servo actuation package: two servomotors, two servo | 1800.00
drivers, CN1 terminal blocks, and associated power and

encoder cabling.

Delta PLC and programming cable: main PLC used in the | 156.31
control architecture of the prototype, including the program-

ming cable.

Continues on the next page
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Concept Estimated cost [USD]

Electrical and electronic materials: HMI, power supply, | 405.04
protections, panel auxiliaries, signaling elements, terminal
blocks, and electrical installation accessories proportion-

ally assigned to this project.

Engineering labor: approximate equivalent cost of the de- | 2344.62
velopment work, estimated from 508 h of work and a
reference rate of 4.62 USD/h based on a salary of 800

USD/month for a junior engineer.

Total estimated cost 4705.97

The economic estimate shows that the main cost of the work was associated not only
with the automation hardware, but also with the engineering time required for integration, pro-
gramming, testing, correction of prototype 1, and functional validation of prototype 2. There-
fore, the implemented system represents both a technical and an economic effort focused on

the modernization of an existing horizontal honing machine.
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Chapter IV

Conclusions and recommendations

Conclusions

« Afunctional retrofit control system was implemented on the existing horizontal honing ma-
chine by integrating a Delta PLC, Kinco HMI, two servo drives, start/end sensors, physical
controls, and a pneumatic expansion actuator. The implemented system executed trans-
lation, rotation, automatic reversal, cycle counting, pause, inspection, continuation, and
controlled extraction on the real machine.

» Tool expansion was assisted with the rotation-driver torque signal. The reference T,
was learned as the maximum torque of the first normal cycle, while the pneumatic-pulse
interval was excluded from that reference. This separation prevented the temporary
torque increase produced by the expansion mechanism from being interpreted as a nor-
mal cutting overload.

* Prototype 2 completed the validated jobs in 30 min for the 108 mm liner, 45 min for the
100 mm liner, and 120 min for the 152 mm liner. Historical manual records ranged from
110 to 365 min; because the workpieces and initial damage were different, these values
do not justify a universal percentage time reduction, but they confirm that the automated
system can maintain the repetitive stroking cycle without continuous manual execution.

» The before-and-after visual comparisons showed that the dominant axial and circumfer-
ential marks identified during prototype 1 were no longer visually evident in the inspected
regions after prototype 2, and the 100 mm part was accepted for workshop delivery. This
conclusion is limited to visual and functional acceptance because roughness, cylindricity,

crosshatch angle, and scratch depth were not measured with metrological instruments.
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Recommendations
* Incorporate an internal roughness measurement system in order to complement visual
validation with quantitative data on surface finish.
* Integrate precise carriage position measurement by means of an encoder or linear scale
in order to automate the short-stroke and improve control over specific liner zones.
» Implement a process data logging system to store variables such as diameter, number of
cycles, working time, and torque, in order to facilitate historical analysis and parameter

adjustment.
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