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ABSTRACT

The primary objective of our research is to conduct a study and preliminary design of a stirrup
machine capable of shaping different types of stirrups using an 8mm rebar. The process of
shaping stirrups involves various mechanisms, including feeding, bending, and cutting the
rebar. Each mechanism requires precision and careful consideration to ensure synchronization
with each other. Therefore, it was essential to connect all these mechanisms with an automated
controller and use stepper motors for that purpose. Additionally, in order to develop a clear
understanding of the machine, we used software programs such as SolidWorks for the
designing, WinProladder for writing ladder code and EasyBuilder Pro for designing and
programming HMI (Human Machine Interface) screens

KeyWords: winproladder, solidworks, PLC, stirrups, bending, rebar, stepper motor, HMI,



RESUME

L'objectif principal de notre recherche est de réaliser une étude et une conception préliminaire
d'une machine a étriers capable de faconner différents types d'étriers a l'aide d'une barre
d'armature de 8 mm. Le processus de fagconnage des étriers implique divers mécanismes,
notamment l'alimentation, le pliage et la coupe de la barre d'armature. Chaque mécanisme
nécessite une précision et une attention particuliére pour assurer la synchronisation les uns avec
les autres. Par conséquent, il était essentiel de connecter tous ces mécanismes a un contréleur
automatisé et d'utiliser des moteurs pas a pas a cette fin. De plus, afin de développer une
compréhension claire de la machine, nous avons utilisé des logiciels tels que SolidWorks pour
la conception, WinProladder pour I'écriture du code a contacts et EasyBuilder Pro pour la
conception et la programmation des ecrans HMI (Human Machine Interface).

Mots clés : winproladder, solidworks, PLC, étriers, flexion, barres d'armature, moteur pas a
pas,HMI,
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GENERAL INTRODUCTION

With the increasing population and the continuous demand for housing construction, a
significant gap has emerged between the rate of housing production and the rate of demand.
This disparity can be attributed to the large amount of time and effort invested by construction
workers in certain stages of the construction process, making it challenging for them to meet
the demand. To address this issue, stirrup machines were invented to alleviate one of the main
problems faced by construction workers. These machines enable the production of a large
number of stirrups in a short period of time with high speed and efficiency.

However, Algerian construction workers still encounter challenges due to the lack of stirrup
machines in the local market. Importing these machines is often impractical and costly.
Therefore, the thesis was inspired by these circumstances, aiming to study and preliminarily
design a locally manufactured stirrup machine that is affordable, economical, and specifically

tailored to meet the requirements of Algerian construction workers.



LITERATURE REVIEW

1- Design, Development and Fabrication of Stirrup Making Machine Energized by Human
Powered Flywheel Motor [1]

In this research the authors designed, developed and fabricated a stirrup making machine that
energized by Human Powered Flywheel Motor (HPFM), in order to bend round bar. The desired

speed can be obtained by the operator through a chain and a pair of gears.
2- DESIGN AND FABRICATION OF MULTIROD BENDING MACHINE [2]

they present a design and fabrication of mult-irod bending machine that use a hydraulic power of
fluid. The process of bending is done with two hydraulic cylinders, one of them is for bending
operation and the another one is for feeding the rod for the next bent. The movement of piston is
controlled by control valve. The machine can make different shapes and sizes by varying the die

specification in order to produce one stirrup.
3- Design and Fabrication of Pneumatically Operated Bar Bending Machine [3]

This study is focusing on design and Fabrication of Pneumatically operated Bar Bending Machine.
The machine is capable of making stirrups by bending FE500 iron rod in square shapes its worth
mentioning that the machine is semi-automatic since the operator is loading and unloading the bar

manually and the bending of the rod is done pneumatically.
4- DESIGN AND FABRICATION OF PNEUMATIC BAR BENDING MACHINE [4]

This paper is aimed at bending 8-mm rods into square stirrups using a pneumatic system. The
working principle of that machine is to bend the rod with the pneumatic cylinder piston by holding
the rod in the fixture. While this rode is being fed automatically with the help of a motor and pulley

arrangement
5- Automatic Rebar Bending Machine to Form Rectangular Stirrups [5]

This project considers design and building an automatic rebar bending machine to form square
stirrups with different dimensions. The machine aims to form closed loop stirrups from 8mm steel
rebars without needs human assist. the machine automatically inserts the bar then bend it to the
required stirrup dimensions based on the algorithm build in Programing Logic Controller (PLC).

the dimensions of stirrups can be controlled via Human Machine Interface (HMI)
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.1 CONSTRUCTION REBARS

Steel is an alloy of iron and carbon. The carbon content, or proportion, varies from 0.1 to 2%.
Steel can be used independently in conventional metal construction (bridges, warehouses, and
building frameworks) or to compensate for the insufficient tensile strength of concrete in

reinforced concrete or restressed concrete.

Steel possesses a set of remarkable mechanical properties: high tensile and impact strength,

good elasticity, and excellent hardness, which ensure its increasingly widespread applications.

[6]

1.2 REBARS MATERIALS
Rebars can be classified in to 3 main types as follows
1.2.1 Round bar :

A round bar is a smooth-surfaced steel bar used when strength and durability are not major
concerns. Common material options for round bars include FeE 215, FeE 235, FeE 400, and
FeE 500. The used diameters are 6, 8, 10, and 12 mm.. [7]

Figure I-1: round bar
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1.2.2 deformed bars :

Deformed bars are steel bars that have surface projections and indentations within them. This
type of rebar is widely used in applications where strength and durability are paramount. The
material of deformed bars can be one of the following: FeE400, FeE500. The commonly used
round bar diameters are 6, 8, 10, 12, 14, 16, 20, 25, 32, and 40 mm.. [8] [7]

Figure 1-2: deformed bar

1.2.3 Welded wire mesh

Welded wire mesh is a series of wires that are welded where the individual wires cross. The
openings of the mesh vary depending on the type of wire used and the function of the mesh.
Regardless of size and wire, welded wire mesh is permanent and impossible to deconstruct

without using extreme force.
. The material of welded wire mesh bars can be one of the following: FeTE500, TSL500
. The commonly used welded wire mesh diameters are as follows:

4+ Smooth welded meshes (TSL): 3.5 to 9 mm with a pitch of 0.5 mm.

+ High-adhesion welded meshes (TSHA): 3.5 to 12 mm with a pitch of 0.5 mm [7] [9]
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Figure 1-3: Welded wire mesh

The following table summarizes the properities of rebars used in reinforcement:

Grade Minimum yield Minimum tensile Density
strength (MPa) strength(MPa) (Kgim?)
FeE215 215 330
FeE 235 235 410
FeE 400 400 480 7800
FeE 500 500 550

Table I-1: Rebar properities [7] [10] [11]
1.3 STIRRUPS

Stirrups are closed loops of steel bar used in reinforced concrete structures. They hold
reinforcement bars together in foundational beams and columns.



CHAPTER I INTRODUCTION TO STIRRUP MACHINE

Figure 1-4: stirrup

1.4 THE IMPORTANCE OF STIRRUPS

There is a very important role for stirrups in a beam or column. The stirrups are used for the

reasons given below:
e Stirrups are used to resist the lateral shear stress in the reinforced roncrete structure.
e They are used to resist the diagonal tension stress in the reinforced concrete structure.
e They prevent the formation of inclined shear cracks.

e They are used to prevent the buckling of compressive stress-bearing structures like

columns, struts, etc. [12]
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Figure 1-5: crack in beams [13]

1.5 STIRRUPS TYPES

The widely used stirrups in reinforcement can be classified according to their shape as follows:

Square stirrup Rectangular stirrup Diamond stirrup

Triangular stirrup Circular Stirrup Pin stirrup

Table I-2 : stirrups types
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1.6 PROCCES OF SHAPING STIRRUPS
The process of shaping the stirrups takes two main steps: cutting and bending.
»  Cutting

The rebar with a diameter of 8 mm comes with a length of 12 meters, so the first step that the
construction worker takes is to manually measure the length of the rebar and then cut it using

tools or machines that were built for that purpose.

E L
L Pz

Figure 1-6: manually rebar cutting [14]

« Bending

After cutting the rebar into a specified length, the construction worker starts bending the rebar
according to the required shape using manual tools or electric benders, relying on the human
eye to determine the angle of the bend or with the help of semi-automated benders that bend it

at the required angle.
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Figure 1-7: manually rebar bending [15]

.7 SHAPING STIRRUPS METHODS

Stirrups can be shaped using manual tools or semi-automatic machines that perform one step
of the stirrup shaping process, whether it's bending, cutting, or straightening the rebar used in
shaping the stirrups. In addition to that, there are automatic machines that perform the full

process of stirrup shaping.
1.7.1 Manual stirrup machines

. Manual rebar benders

Manual rebar benders are simple bending tools used in the construction industry for many
years. They are devices designed to cut and bend steel reinforcement bars (rebars) into the
desired shape, enabling workers to create precise and uniform-radius bends without excessive
effort. These tools come equipped with a bending die, allowing for efficient shaping of the
rebars for use in various industrial applications. Manual rebar benders are known for their ease
of operation and have been widely used in the concrete construction industry for their reliability
and versatility. [16] [17] [18]

10



CHAPTER I INTRODUCTION TO STIRRUP MACHINE

Figure 1-8: manual rebar bender

. Manual rebar cutter

A rebar cutter is a specialized tool used in the construction industry to cut steel reinforcement
bars (rebars) for building structural reinforcement in concrete work. It finds application in
various industrial settings, facilitating the precise and efficient cutting of rebars to desired
lengths. The cutting process is particularly challenging when dealing with thick rebars,
requiring the use of specialized tools to ensure safety and ease. By employing a cutting blade

or shear mechanism, rebar cutters enable the safe and accurate preparation of rebars. [17] [19]

Figure 1-9: manual rebar cutter
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|.7.2 Semi-automatic stirrup machines

. Portable Rebar cutter

A portable rebar cutter is a compact and mobile tool used for cutting reinforcing steel bars. It
offers efficient and precise cutting of rebar in construction and steel fabrication projects. These
tools are designed to be lightweight and easy to transport on job sites. They feature sharp
cutting blades and adjustable cutting depths to accommodate different rebar sizes. Portable
rebar cutters enhance productivity and accuracy while reducing manual effort and the need for
additional finishing work. [19]

. Portable Rebar Bender

A portable rebar bender, whether electric or hydraulic, is a versatile tool capable of executing
rebar bends accurately without compromising the strength of the metal rods. These benders are
designed to be easy to use and carry, making them ideal for reinforced concrete construction
projects. They allow for precise bending of rebars at various angles, meeting the specific design
needs. Portable benders have the capability to bend different sizes and grades of rebar,

providing flexibility in construction applications. [19]

Figure 1-10: portable rebar bender
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. Electric Rebar Bender

Electric rebar benders are widely used in reinforced concrete construction and can bend rebars
in various arcs and angles on the basis of design needs. Electric benders are able to bend
different sizes and grades of rebar. This type of bender is electrically powered and convenient
to use. [19]

Figure 1-11: electric rebar bender

. Hydraulic Rebar Bender

A hydraulic rebar bender is a type of bender that applies hydraulic force to bend the steel bars.
This type of bender also provides flexibility and is easy to operate. Different sizes and
diameters of rebar that range from 4 mm to 60 mm can be bent using a hydraulic rebar bender.

This bender bends the steel bars uniformly and accurately. [19]
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Figure 1-12: hydraulic rebar bender

1.7.3 automatic stirrup machines

. automatic rebar bender

An automatic rebar bender is a type of bender that provides the benefit of automatic numerical
control, which automatically adjusts gears, providing easy switching between the desired

bending angles. It is easy to use and contains numerical control panels that provide accurate
rebar bending. [19]

Figure 1-13: automatic rebar bender
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. automatic Stirrup Bending Machine

An automatic stirrup machine is advanced equipment that offers more than just bending the
rebar to become a stirrup. This automatic bending machine can also straighten and cut steel bar
as it is being bent to its desired bent anchorage. The automatic stirrup machine can produce

many and accurately made stirrups in a short span of time. [20]

Figure 1-14: automatic Stirrup Bending Machine

1.8 STIRRUP DIMENSIONS

Based on the information we have collected from civil engineers; we can provide the following

instructions:

. There are different types of rebar in the Algerian market, which are classified based on

the diameters and the mechanical properties of the rebar's material.

. The minimum bending radius for stirrups is 6 mm, and that radius is based on the

minimum diameter of the reinforcement bars, which have a diameter of 12 mm.

. The minimum diameter of rebar that is used in stirrups is 8 mm.
. The minimum dimensions of the stirrups are (23%23) cm.
. The length of the stirrup hooks is based on their bending degree and the diameter of the

stirrup rebar.
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Figure 1-15: hook length [6]

While L is the length of the hook and @ is the diameter of the stirrup rebar .

.9 PROJECT OVERVIEW

1.9.1 Identifying the needs
The machine must meet the following conditions:
. The machine should be capable of shaping rectangle, triangle, and pin stirrup shapes.

. The machine should have a simple control interface that allows the worker to select the

shape, determine the dimensions, and specify the required quantity.
. The production speed of each stirrup should be less than 15 seconds.

. The length of the stirrups sides should be between 23 cm and 50 cm.

1.9.2 List of requirements

. Electric linear actuators (x2). . Stepper motor drivers (x2).
. Electrohydraulic linear actuator. . Stepper motor gearbox

. Programmed logic control unit (PLC). . Power supply.

. Touch screen (HMI). . Sensors

. Stepper motors (x2).
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1.1 INTRODUCTION

1.2 MACHINE COMPONENTS

11.3 PROCCESSING DETAILS OF EACH PART

1.4 WORKING PRINCIPLES OVERVIEW

1.5 FUNCTIONAL DIMENSIONS
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1.1 INTRODUCTION

The conceptual design phase is one of the most important stages, where a clear vision for the
project is developed. It involves evaluating possible solutions to determine the best solution
that meets the project's requirements. In this chapter, we will discuss the machine parts in
detail, the components, and the working principle of each part in all stages that the rebar goes

through until it is shaped as a stirrup.

1.2 MACHINE COMPONENTS:

11.2.1 Stepper motor

A stepper motor is a type of DC motor that works in discrete steps. It is a synchronous brushless
motor where a full rotation is divided into a number of steps. The two main components of a
stepper motor are the rotor and the stator. The rotor is the rotating shaft, and the stator consists
of electromagnets that form the stationary part of the motor. When a discrete DC voltage is
applied, the stepper motor rotates at a particular angle called the step angle; thus, a stepper
motor is manufactured with steps per revolution of 12, 24, 72, 144, 180, and 200, with a
corresponding step angle of 30, 15, 5, 2.5, 2, and 1.8. It can be operated with or without a
feedback control. [21]

Rotor 1
// Permanent Magnet

Rotor 2

\ Stator
\ Winding
Motor Structural Diagram: Cross-Section Parallel to Shaft

Figure 11-1: stepper motor
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11.2.2 Gearbox

A gearbox is a mechanical device that is used to increase the output torque or change the speed
(RPM) of the motor. The motor shaft is connected to one end of the gearbox, and through the
internal configuration of the gears of the gearbox, it provides an output torque and a specific
speed determined by the gear ratio. [22]

Figure 11-2:gearbox

11.2.3 stepper driver

A stepper motor driver is an actuator that can transform a pulse signal into an angular
displacement signal. Stepper motor drivers drive stepper motors to rotate at an angle called the
step angle in the set direction when receiving a pulse signal. The motor speed is up to the pulse
frequency given from the controller, and the displacement is decided on the pulse guantity
given from the controller. A stepper system consists of a stepper motor and a stepper driver.
The performance of a stepper system is not only up to the motor but also depends on the stepper
driver. [31]
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£ pwraw [

Digital Stepper Driver
DM542T

Figure 11-3: stepper driver

11.2.4 Guide slides

Linear guides, or linear rail slides, are support devices that are used to help carry loads and
ensure straight and level linear motion. Linear guides will usually consist of two components:

the sliding carriage and the rail. The sliding carriage is the element that moves along the rail

and supports the attached load. [24]

Carriage 2
(LM block) ™\

A = 2\ Rail
N . (LM rail)

Figure 11-4: Guide slides
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11.2.5 Rack and pinion

Arack and pinion comprises a pair of gears that convert rotational motion to linear motion and
vice versa. This is commonly used in the steering systems of small trucks and SUVs, other than

in lifting mechanisms, machine tools, etc. [25]

Figure 11-5: Rack and pinion

11.2.6 Linear actuators

An electric linear actuator is an electromechanical device mainly composed of a motor, a set
of gears, and a motion mechanism in the form of a worm and tube. It converts the motor's rotary

motion into linear motion by driving the gears and worm gear. [26]

Figure 11-6: linear actuator
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11.2.7 PLC

A programmable logic controller is a type of tiny computer that can receive data through its
inputs and send operating instructions through its outputs. Fundamentally, a PLC’s job is to
control a system’s functions using the internal logic programmed into it. Businesses around the

world use PLCs to automate their most important processes. [27]

Figure 11-7: PLC

11.2.8 Power supply

A power supply is an electrical device that offers electric power to an electrical load such as a
laptop computer, server, or other electronic device. The main function of a power supply is to
convert electric current from a source to the correct voltage, current, and frequency to power
the load. [28]
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Figure 11-8: power supply

11.2.9 Sensors

A sensor is a device that detects and responds to some type of input from the physical
environment. The input can be light, heat, motion, moisture, pressure, or any number of other
environmental phenomena. The output is generally a signal that is converted to a human-
readable display at the sensor location or transmitted electronically over a network for reading
or further processing. [29]

S
—~ NN N
W \
e

Figure 11-9: sensor

23



CHAPTER II PRELIMINARY DESIGN

11.3 PROCESSING DETAILS OF EACH PART

The machine contains several mechanisms working together to achieve its main purpose.

Figure 11-10: full machine

The machine mechanisms are as follows:

11.3.1 Feeding mechanism :

Figure 11-11: feeding mechanisms

The feeding mechanism is used to grip the rebar and then feed it to the next stage in a linear

way.

. The gripping part
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which is a linear actuator that grips the rebar during the feeding process.

Figure 11-12feeding mechanism gripping part

. Transition part

which is a stage that the gripping part is mounted on. This stage moves on a horizontal guide

using a rack and pinion mechanism.

Figure 11-13: feeding mechanism transition part

. Feeding part

To achieve the specified lengths without the need for feedback, we chose a stepper motor to

meet that purpose.
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Figure 11-14: feeding mechanism feeding part

11.3.2 Bending mechanism :

*Isometric

Figure 11-15: bending mechanism

This mechanism bends the rebar using the bending disc with the necessary force and angle.

The bending mechanism consists of three parts.
. Bending disc

The bending disc has two pins, a fixed pin and a rotating one; the fixed one is used to bend the

rebar on it, while the other one is responsible for the bending.
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Figure 11-16: bending disc

. Feeding part

This includes a stepper motor that provides the bending disk with the precise rotational angle
in addition to the required force by increasing the torque using a gearbox.

Figure 11-17: bending mechanism feeding part

. Transition part

In this part, we need to pull the bending mechanism backwards at certain steps to enable the
mechanism to complete the bending stages smoothly without getting stuck. The transition part
contains a table that moves linearly using a linear actuator, while the following components are

mounted on it: the stepper motor the gearbox and the bending disc.
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Figure 11-18: banding mechanism transition part

We need an extra part in our mechanism that is used to prevent the rebar from touching its tail

in certain steps of the bending process. We will call it the lifting part.

Figure 11-19: lifting part

11.3.3 Cutting mechanism:

Which is an electro-hydraulic linear actuator using a high force to shear rebar.
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Figure 11-20: cutting mechanism

114 WORKING PRINCIPLES OVERVIEW
This section includes an overview of the machine's working principle, step by step.
Let's take a rectangle stirrup as an example.

1) The operator manually pulls the rebar and feeds it through the feeding mechanism until
it reaches the edge of the lifting part.

Figure 11-21: rebar initial position

2) The operator selects the desired shape from the screen and then presses next, as shown

in the picture below.

3) The operator inserts the selected shape dimensions, followed by the desired quantity to
be produced, and presses Start.
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D
[ Triangle | [ Pn |

Reset all

Figure 11-22: operator choose the shape

Bl <

Figure 11-23: operator insert dimensions

4) The feeding mechanism grips the rebar and feeds it into the bending mechanism

according to the desired length.

30



CHAPTER II PRELIMINARY DESIGN

Figure 11-24: feeding the rebar process

5) The bending mechanism bends the rebar at the desired angle, while the feeding
mechanism returns to its original position.

Figure 11-25: bending the rebar process

*Isometric

Figure 11-26: stage is back to the initial position
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6) Steps 4 and 5 are repeated until the final shape of the rebar is completed.

Figure 11-27: feeding first length

Figure 11-28: bending first corner

Figure 11-29: feeding second length
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Figure 11-30: bending second corner

Figure 11-31: feeding third length

Figure 11-32: bending third corner
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Figure 11-33: feeding fourth corner

Figure 11-34: bending fourth corner

7) The disc is pulled backward to allow the feeding mechanism to pull the rebar back by

the necessary distance.
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Figure 11-35: disc pulled backward

Figure 11-36: rebar pulled back

8) Inthe final step, the linear actuator cuts the rebar.

Figure 11-37: cutting the rebar

9) These steps are repeated in a loop until the requested quantity of rebar is produced.
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The final product will be as shown in the following image:

Figure 11-38: final product

11.5 FUNCTIONAL DIMENSIONS

Although we have previously stated that our design is in its preliminary stages, there are some

crucial dimensions that we simply cannot ignore. We will discuss them below.

1) The diameter of the first pin in disk dimensions must be 12 mm based on the diameter

of the reinforcement bars in beams.
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T —

Figure 11-39: pin diameter

2) The minimum distance between the two pins should be 20 mm

dp min = 2Rpin + Drepar (L.1)
dpmin =2X6+8=20mm

O\

[ - : - dpmin

Figure 11-40: minimum distance between the two pins

While the maximum distance should be 25.61 mm.
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dp max — \[(dxpins)z + (deins)2 (H' 2)

dp max = \[(Lhook)z + (ZRpin + Drebar)z (I1.3)

dp max =+/(16)% + (12 + 8)2 = 25.61 mm

While Lhook is the minimum length of the hook.

dpmax

Figure 11-41: maximum distance between the two pins

3 The height of the pins should be greater than or equal to the diameter of the rebar.

hpin = 8mm (11.4)
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hpin

Figure 11-42: height of the pins

4 The distance between the edge of the lifting part and the fixed pin should be less than or equal
to the smallest side of the stirrups.

o o po _EB_
dLP

Figure 11-43: distance between lifting part and the pin

5 The length of the lifting part should be:

LL = Ls max ~ dLP (H- 6)

While:
Ls max: the longest side of the stirrup.

L.: the length of the lifting part.
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dip: the distance between the edge of the lifting part and the pin.

LL

Figure 11-44: length of the lifting part

5 The length of the stage in the feeding mechanism must be equal to the longest side of the

stirrup to make the stage travel once for each side.

dLP

Lgtgge = 50cm

o & B o

o 9 B o

Figure 11-45: length of the feeding stage
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1.1 INTRODUCTION

Mechanical design is considered an embodiment stage for conceptual design. By relying on
mechanical laws and concepts, the conceptual design can be translated from a 3D design stage
to an idea that can be applied in reality.

111.2 BENDING MECHANISM

111.2.1 Required force to bend the rebar:

To calculate the force required to bend an 8-mm rebar, we need to calculate the strength
condition of bending as follows:

dxpins>< Fbending X Rrebar
>0
I y

(111.1)

Where:

oy . yield strength of the rebar material (Pa)

Frending: force required to bend the rebar (N)

Rrebar: radius of the rebar (m)

dXpins: distance between the two pins along the x-axis (m)

| - moment of inertia of rebar (m?)

@ Fbending

dxpins —=

Oy = 500 x 106 Pa , Rrebar =0.004 m s Drebar =0.008 m prins =0.016 m
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X D*
[ = —rebar 1.2
ca (111. 2)
mx 0.008%
| = ——— =2.01062 x 107 19n*
64
Oy X I
Fbending (IH-?’)

>
dx;oins>< Rrebar

v >500 x 10% x 2.01062x107°
bending 0.016 x0.004

Fpenaing > 1570.8 N
So the required force should be 1570.8 N or higher, we took it as 1600 N.

Fbending = 1600 N

111.2.2 Bending disc material:

Using the equations of equilibrium, the resultant of the forces and moments equals zero as

follows:
Z Fext = Fy pin — Fbending =0 (I11. 4)
Fr pin = Fbending (HI- 5)

@ Fbending

- 1
|

FRpmﬁ

After calculating the forces that are applied to the pins of the disc, we can choose the material

of the disc and the pins based on shear and bending strength conditions.

. Shear strength condition:
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Fbending
T= —]—-—7"
Apin

Where

T : shear stress (N/m?)

Fyenaing - applied force (N)

Apin - Cross-sectional area of the pin (m)

Fpending= 1600 N

Rebar

Foendir

_—

Apin = 1 X DZ
Apin = X 0.0122 = 4.5 » 10~m?

1500 3.33%x10°N/m? =34 M
= — = * =
T 157102 . /m . pa

Shear Strength condition:
Omaterial =~ 3.4 Mpa

. Bending strength condition:

44
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o = M’;‘“" (111.8)
Rpin
where:
oy, - bending stress (Pa)
Rpin : radius of the pin (m)
| : moment of inertia of rebar (m*)
Mmax : maximum bending moment (N.m)
While :
Mmax = Rrepar X Fpending (111.9)
Mmax = 0.004 x 1500 =6 N.m
T X Dy*
I= T”‘" (111.10)
I = LM =1.01x 1079m*
64
Rpin=0.006 MM, Mmx=6N.m , [1=1.01x10"m*
6
o= 5= 35643564.356N/m* = 35.6Mpa
0.006

bending Strength condition:
Gymaterial > 35.6 Mpa

The required material must have a yield strength greater than 35.6 MPa and a shear strength
greater than 3.4 MPa; therefore, we will choose S355 non-alloy steel, which has the following

properties:
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Brinell Hardness 150 Elastic Modulus 190Gpa
Elongation at Break | 20 % Fatigue Strength 230Mpa
Impact Strength 311 Poisson's Ratio 0.29

ShearModulus 73GPa ShearStrength 330MPa
UltimateStrength 530MPa YieldStrength 330MPa

e Those calculations are applied to both pins since they have the same diameter.

Table 111-1: S355 proprieties

111.2.3 Required torque to bend the rebar:

Where: Thoending = bending torque (N.m)

Tbending = Fbending X dpins

Frending = bending force (N)

dpins = length of arm (m)

dpins

(111.11)
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Fbending = 1600 (N), dpins =0.02561 (m)
Tyending = 1600 X 0.02561 = 45.8 N.m

In summary, after performing the necessary calculations in this part, the required input torque
for our bending gearbox should be 45.8 Nm or higher with a rotating speed of 1 rps.

Required input

{TD input = 45.8 N.m

W pinput = 1rps
111.2.4 Bending motor and gearbox:

After conducting an internet search for a motor that meets our requirements, we have identified

one with the following specifications:

Parameter value

Type Stepper motor
product code 42HS79-8004S
frame size NEMA 42
holding torque 30 N.m

step angle 1.8°

Rated current 8 A

Shaft diametre 19

micro step 1600 setp/rev
Coil type Bipolar
Voltage 220 VAC

Table I11-2: bending motor data [30]
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Figure 111-1: bending motor [30]

This motor with the frame size nema 42 can be linked with a gearbox that suits it, and it has
the following specifications:

Parameter value

Type Double Stage Planetary Gearhead
product code S9142TMPANO015D-S
Maximum input speed 5000 rpm

Input Shaft diameter 24 mm

Continuous Output Torque 168 n.m

Table 111-3 bending gearbox data [31]
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Standard mounting adapter plate shown. Mounting adapter plates are available in multiple
sizes to match your motor interface needs. Contact SDP/SI for details.

Figure 111-2: bending gearbox [31]

To get the input torque and speed of the gearbox, we will use the following formula:

TG input W G output
i = = = P (1. 12)
TG output Wg input

Te input = i X Tg output (1. 13)
1
Toinput = 75 X 42 = 28 N.m
W G output
O Ginput = — (11 14)
1
W Ginput = 1 = 151ps = 900 rpm
15

The required input:

{ TG input = 2.8 N.m
W G input = 900 rpm

Using the torque speed curve, we can get the output torque that our stepper motor can provide

depending on the required input of the bending gearbox.
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TORQUE (N.m)

0 200 400 600 800 900 1000 1200 1400 1600

SPEED (RPM)
Figure 111-3: bending motor torque speed curve [47]
I11.2.5 Linear actuator in bending mechanism
The stage carries a mass of 20.7 kg.

gearbox 7.9 kg
stepper motor 11.7 kg
bending disc 1.1 kg

So we can calculate the required force to move the stage with the following formula:
Fpstage = X My seage X g (1I1. 15)

Where:
Fb stage: required force to move the stage (N)
W : coefficion of frection (u = 0.01 approximately [48] )
Mb stage: the mass (kg)
g: gravitational (m/s?)
Mb stage = 20.7 kg, g = 9.81 m/s?, p = 0.01

Fystage = 0.01 X 20.7 X 9.81 =2 N

We chose a linear actuator with the following specifications:
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Parameter

value

Type

Electric linear actuator

product code

S9142TMPANO015D-S

Input voltage 12V
Max currant 5A
Force 155N
Stroke 25.4 mm
Speed 5cm/s
Table 111-4: electric linear actuator data [34]
Figure I11-4: electric linear actuator [34]
111.3 FEEDING MECHANISM

111.3.1 Required force in rack and pinion system:

Required force to pull the rebar
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In the following calculations, we will use the free body diagram for a better understanding of

the forces acting on each part of our feeding mechanism. We will start with the required force

to pull the rebar as follows:

While

FR

<= Rebar

Fp

W:mrek:-cr.g

Fr: reaction force(N)
Fr : fraction force(N)
Fp : Pulling force(N)

W : Weight (N)

In static equilibrium, the sum of the forces in each direction is equal to zero. This can be

expressed mathematically as follows:

ZszO

From the previous equations we can get the following:
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E, = ff

FR=W

By substituting the formulas of fraction and weight we can get the following

E, =Fr.u
Fr = Myepar X 9
Therefore, we can get the following
Fy = Myepar X g XU
While:
M repar - rebar mass (kg)
u . coffetion of frection

g = gravitational (10 m/s?)

M rebar = 4.8 kg, u=1, g =10 m/s?

E,=48X10Xx1=48N

So the required force to pull the rebar is 48 N

. The required force to move the stage

So we can calculate the required force to move the stage with the following formula:

Ffstage = UXMgstage X 9

Where:
Ff stage - required force to move the stage (N)

u : coefficion of frection (u = 0.01 approximately [48] )

M fstage - the mass (m =5 kg approximately )
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(1. 21)

(1. 22)

(111. 23)
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g : gravitational
Mfstage =5Kg ,g=10m/s?, pu=0.01

Ffstage = 0.01 X5x10=05N
That means the stage itself needs a force of 0.5 N to move.

After the previous calculations, we can get the force that our rack and pinion system should

deliver, which is:
F= Froage + E (111. 26)
F=48+05=485N

111.3.2 Rack and pinion Dimensions

To calculate gear and rack dimensions, we will use the following table, which summarizes all

the equations:

Iltem symbol formula
Pitch Diameter d d=mxz
Outside Diameter de de=d+2m
Root Diameter df df=d-2.5m
Tooth depth h h=225xm
Circular Pitch Pc Pc=mxm
Tooth thickness B B=10.m

Table I11-5: spur gear equations [35]

Assumptions:

e We will choose mas 1.5 from row | of table x based on the recommendation of the JIS

standard
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I I I I
0.1 : 3 .
0.2 o 4 .
0.3 e 5 b
0.4 35 6 2
0.5 0.45 (6.5)

X 0.55 7
0.6 o 8 :

75 10 11
0.8 0.75 12 e
1 e 5 18
1.25 ST 20

- 1.375 22
1.5 37 25 e
) L] 32 p:
2o ZZD F 2
2.3 2.75 :‘8 45

Table 111-6: standard values of module [36]

e We will choose Z = 20 since this number of teeth is mathematically the optimum in
terms of tangential force and system backlash. [37]

e We will choose that a. = 20 degrees since it is suitable for most gear applications. [38]
. Calculations :
d=mxXz (1IL. 27)
d= 15 X 20 = 30mm
h=225Xxm (II1. 28)
h=225 %X 15 = 3375mm
de=d+2xm (111. 29)
de=30+2x%x15=33mm
df =d—25xm (111. 30)
df =30—-2.5x%x15=26.25mm
Pc=m X m (1IL. 31)

Pc=m X15=4.72mm
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B =10 X m (I11. 32)
B =10 x 1.5 =15mm

All results can be summarized in the following table:

Proprieties pinion rack
m 1.5
d 30
z 20
De 33
df 26.25
pc 4,72
h 3.375
B 15
L 500
o 20

Table 111-7: rack and pinion proprieties

111.3.3 Rack and pinion material

Using Lewis equation for spur gear, we can calculate the bending stress as follows:

— Kyt 1. 33
o = ‘UB*m*y ( : )

While:

o : Bending stress(pa)

Kv : velocity factor (m/s)
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Ft. tangential force(N)
y: Lewis form factor
B: Tooth thickness(m)
m: module (m)

First we will calculate velocity factor using the following formula:

Ky — 6.1+v
VT e
While:
v : pitch line velocity(m/s)
Ky = 6.1 + 1 — 116
v=—p7 =1L m/s

Now we will calculate the bending stress as follows

Kv=116m/s, Ft=485N,y=0.32, m=0.0015m, B =0.015m

48.5
o=116+* 0015 7000157032~ 7813888.8 Pa = 7.8 MPa

So we need a material that has a yield strength of 7.8 MPa or higher.

We will choose AISI 4615 [54], which has the following properties:

(111. 34)

Brinell Hardness 150 Elastic Modulus 190 GPa
Elongation at Break | 27 % Fatigue Strength 260 MPa
Poisson's Ratio 0.29 YieldStrength 350 MPa
ShearModulus 73 GPa ShearStrength 310 MPa
UltimateStrength 480 MPa

Table 111-8: AISI 4615 properties
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111.3.4 Feeding Motor :

First we need to calculate the torque and speed of the motor

Priotor = Prack and pinion (111. 35)
Ty @m = Frack X Vack (111. 36)
We have:
Protor = T X Wy (111. 37)
Prack and pinion = Frack X Vrack (111. 38)
Tn = Rpinion X Frack (111. 39)
While :

Tm: the torque(N.m)

om : angular speed (rad/s)
Frack: the linear force (N)
Viack : linear speed (m/s)
Rupinion : pinion radius(m)

By substituting (111.39) in (111.36) we will find:

Rpinion X Frack X Wy = Frack X Vrack (HI- 40)
V,
O = rack (111 41)
pinion
= 667 %% 1061
@m=0015 " "0 Ty T UPATRS
Ty = Rpinion X Frack (111. 42)

T, = 0.015x485=0.72N.m
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After conducting an internet search for a motor that meets our requirements, we have identified

one with the following specifications:

Parameter

value

Type

Steper motor

product code

AM23HS84B0-BR0O1

frame size NEMA23(56mm)
holding torque 1.5N.m

step angle 1.8°

Rated current. 3.7A

Shaft diametre 8

micro step 20000setp/rev
Coil type Bipolar

Voltage 48V

Table 111-9: feeding motor data [40]

Figure 111-5: feeding motor [40]
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Using the torque speed curve, we can get the output torque that our stepper motor can provide
depending on the required input speed of the rack and pinion system.

AM23HSB84E0
Microstep: 20000 steps/rev s 24 e 4B
Current: 4. 5A(Peak)
1.5
12
E 1
Z 097
©
=
= 06
2
037
0 1 1 1 1
0 11 20 30 40 50
Speed(rps)
Figure 111-6: feeding motor torque speed curve [40]
111.4 CUTTING MECHANISM:

I111.4.1 Required force to cut the rebar

To calculate the required force for cutting an 8-mm rebar made of E500 steel, we can use the

following formula:

F cutting

T=—-9 111. 43)
Arebar (

Where
F cutting: the cutting force (N)
A revar : the cross-sectional area of the rebar (m?)
1 : the shear stress required to cut the rebar (Pa)
Arepar = T X Ryepar” (111. 44)

Aropar = T X 0.0042 = 5.03 X 1075
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We could not find any information’s about shear stress or ultimate tensile strength of fe E500

so we will assume that it has the same value of minimum tensile strength

op = 550 Mpa

[41]# (111 45)

Required input

T =0y X 0.5

T =550 0.5 =
Fcutting =1

275 x 10° Pa

X Arebar

x 107> = 1.383 x 10* N

{ Feutting = 1.383 x 10* N or higher

111.4.2 Cutting actuator:

(111 46)

After conducting an internet search for a linear actuator that meets our requirements, we have

identified one with the following specifications:

Parameter value

Type Electro-hydraulic linear actuator
Product code REH50

Stroke 50 mm

Dynamic Force 25000 N

Speed 6 mm/s

Power 300 w

Input voltage 48 vDC

Table 111-10: cutting linear actuator data [42]
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Figure 111-7: cutting linear actuator [42]
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IVV.1 INTODUCTION

One of the main parts of our machine project is the electrical design, in which we can include
the used electrical parts with their specifications and the wiring diagram, which is necessary

for understanding and troubleshooting the electrical circuit of our machine.

I\VV.2 STEPPER MOTOR

The motors utilized in our project are stepper motors, offering us the capability to control their
speed and rotation degree. The specific motor we have identified for our needs has the

following electrical specifications:

Parameter Feeding motor Bending motor
Coil type Bipolar Bipolar
Rated current 56 A 8A
Voltage 48V 220V
AC/DC DC DC
Table IV-1: motors electrical data
I\VV.3 STEPPER DRIVER

To control the movement of our stepper motor, we need a stepper driver that suits it in many
factors, such as voltage, control mode, etc. For both bending and feeding motors, we chose

stepper drivers that had been recommended by the online stores that sell the stepper motors.

The stepper drivers have the following details:

Bending motor _ _
Parameter _ Feeding motor driver
driver
phase 2 2
Supply Voltage 180 — 240 VAC 24-75 VDC
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Control Modes Pulse Mode Pulse Mode
Output Current 05-82A 24 -78A
Encoder Feedback No NO

Step resolution

Full step (1.8°) —
125x micro stepping

Full step (1.8°) — 128xmicro
stepping

Step pulse frequency

Up to 200 kHz

Up to 2MHz

Table 1V-2: drivers electrical data

I\VV.4 ELECTRIC LINEAR ACTUATOR

All the electric linear actuators that were used in our project are the same, and they have the

following electrical specifications:

Parameter Value
voltage 12v
Max currant 5A

Table 1V-3: electric linear actuator data

IV.5 ELECTROHYDROLIC LINEAR ACTUATOR

The electrohydraulic linear actuator that was used in our project has the following electrical

specifications:

Parameter Value
voltage 48 V
Max currant 6A

Table 1V-4: electrohydraulic linear actuator data
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V.6 WIRING DIAGRAM
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Figure IV-1: wiring diagram main structure
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Figure 1V-2: feeding actuator part
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Figure 1V-3: bending actuator part
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Figure 1V-4: cutting actuator part
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V.1 INTRODUCTION

In our research, we used an automated controller (PLC) to perform the machine mechanisms
consistently and with minimal human intervention. The machine is programmed in ladder
language with the help of a software called winproladder, while the HMI screen is programmed
with a software called easybuider pro. In addition to the programming, we did some necessary

calculations to link user inputs and the automatic controller.

V.2 PLC NUMERIC INPUTS

V.2.1 Feeding mechanism

Given:
e Input range on the HMI screen: 23 cm to 50 cm
e Increment on the HMI screen: 0.1 cm
e Speed of the rack: Vrack = 1 m/s = 1000 mm/s

e Speed of the motor: om = 11 rps

First, we need to calculate how many revolutions the motor needs to rotate for the rack to move

forward by 1 mm.

wm
Wimm = V— (V.1)
rack
w_1mm = 1000 = 0.011 rps
Now we need to calculate the number of steps for the rack to move 1mm .
Simm = Wimm X Sfm (V.2)

Simm = 0.011 X 20000 = 220 step

While St is microsteps of the feeding motor.
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V.2.2 Bending mechanism

[~ 38.65°

To get the bending angles of the disc we can use the following formula:
O5p = 38.65 + 6 (V.3)
While:
Osp Is the bending angle of the disc
g is the bending degree of the rebar

The bending motor has a frequency of 1600 microsteps per revolution, and based on the ratio
of the gearbox, we can get how many steps we need for one revolution of the gearbox as

follows:

umotor

U1 revolution = f (V- 4)

= 1600 X 15 = 24000 step par revolution

While Umotor IS the frequency of the motor
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So to convert the degrees to steps in PLC, we need to use the following formula:

GBD X M1 revolution

microsteps = 360 (V.5)
While 0gp is the bending angle of the disc
M1 revolution IS nUMber of microsteps for one revolution
V.3 LOGIC ALLOCATION INPUT AND OUTPUTS
The following table present the inputs of logic allocation for the PLC
input symbol | address | description
Bending limit swtich + | BLS+ | X2 BLS+=0 when the bending linear actuator is
extended
Bending limit swtich - | BLS- | X3 BLS-=1 when the bending linear actuator is
retracted
Feeding limit swtich+ | FLS+ | X5 FLS+=1 when the feeding mechanism linear
actuator is extended
Feeding limit swtich- | FLS- X6 FLS-=1 when the feeding mechanism linear
actuator is extended
Cutting limit swtich + | CLS+ | X0 CLS+=1 when the cutting linear actuator is
extended
Cutting limit swtich - | CLS- | X1 CLS-=0 when the cutting linear actuator is
extended
Disc limit swtich DLS X4 DLS=1 The bending disc in potision 0 degree
Stage limit switch SLS X7 SLS=1 The stage is in the initial position

Table V-1:PLC inputs

The following table present the outputs of logic allocation for the PLC
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output symbol | address | Description

Bending motor pulses BMP | Y2 Control the bending motor pulses

Bending motor direction | BMD | Y3 Control the bending motor direction

Feeding motor pulses FMP YO Control the feeding motor pulses

feeding motor direction | FMD | Y1 Control the feeding motor direction

Bending linear actuator | BLA+ | Y6 BLA+ Is to Extend the bending linear

+ actuator

Bending linear actuator - | BLA- | Y7 BLA- Is to Retract the bending linear
actuator

feeding linear actuator + | FLA+ | Y8 FLA+ Is to Extend the feeding mechanism
linear actuator

feeding linear actuator - | FLA- | Y9 FLA- Is to Retract the feeding mechanism
linear actuator

cutting linear actuator + | CLA+ | Y4 CLA+ Is to Extend the cutting linear actuator

cutting linear actuator - | CLA- | Y5 CLA- Isto Retract the cutting linear actuator

Table V-2: PLC outputs
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The following table present the inputs and outputs of logic allocation for the HMI screen

Input/output symbol address | Description

Set rectangle SETR MO Choose rectangle shape

Start rectangle STARTR M3 Start shaping rectangle shape

Set triangle SETT M100 | Choose triangle shape

Start triangle STARTT M103 | Start shaping triangle shape

Set pin SETP M200 | Choose pin shape

Start pin STARTP M203 | Start shaping pin shape

Reset all RESETALL | M7 Reset motors and linear actuators to their
initial position

counter COUNTER | R54 A counter to show how many stirrups are
shaped

HMI quantity HMIQ R55 The required quantity need to be shaped

HMI x HMIX R100 | The length x

HMI y HMIY R101 | The lengthy

First page FIRSTP M33 M33=1 back to the first screen

Table V-3: HMI inputs and outputs
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V.4 HMI SCREEN

o The first screen is designed to let the user choose between varying shapes, including
rectangle, triangle, and pin shape. Each shape leads to another screen under the same

name, in addition to a reset button to reset everything in emergency situations.

D
[Rectangle) [Triangle] [ Pin J

Reset all

Figure V-1: home screen

o Each screen has input functions that allow the user to insert the required dimensions
and quantity.

Quantity

Figure V-2: rectangle screen
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X

Quantity

Lol o] o]

Figure V-3: triangle screen

X Y Quantity

[c] [J [=]

Figure V-4:pin screen

o After clicking on Start, a screen appears that shows the user how many stirrups have
been shaped so far (Figure V.10). When the required quantity is fulfilled, the home

screen (Figure V.6) will appear again.
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Please walit . . .

shaped stirrups:| 0

Figure V-5: waiting screen

V.5 LADDER CODE

Appendix A
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GENERAL CONCLUSION

This research involved the study and preliminary design of a machine for shaping stirrups,
where various aspects of the machine were highlighted, including feeding, bending, and cutting
reinforcement bars, with the ability to control the quantity, dimensions, and shape of the
stirrups that the machine can produce.

In addition to that, users can shape additional stirrup shapes by editing the programming code
of the automation controller. This is due to the use of a stepper motor, which is capable of
rotating in both directions with highly precise steps, offering flexibility for machine
development.

Moreover, it is worth mentioning that most of the components used in the machine are cheap

and available, or alternatives can be found in the Algerian market.

In summary, we can say that with proper investments, the machine is applicable on the ground.
However, it is worth mentioning that it would be beneficial to do further research in the future

to improve the speed of shaping stirrups.
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M17
| F—en-
RST M15
——08P.MOV—
ENH S 8577
D: R52

Bmotor pulse




Printed Item: Ladder Diagram - Main_unit1

NO005
0063M

M15

—

170. 2

R50
G and B counter

170. 3

R50
G and B counter

|

|

——08P.MOV—
ENH S: R58
Y
D: R51
Gmotor pulse
170. R58
Y EN-
SET M17
= R51
Gmotor pulse
M17
1 L EN-
| | =
RST M15
——08P.MOV—
ENH S 8577
D: R52
Bmotor pulse
——08P.MOV—
EN- S: R57
X
D: R51
Gmotor pulse
170. R57
X EN-
SET M17
= R51
Gmotor pulse
M17
] | EN
RST M15
——08P.MOV—
ENH S 8577
D: R52

Bmotor pulse




Printed Item: Ladder Diagram - Main_unit1

NO006
0088M

N0007
0100M

NO008
0107M

NO009
0113M

M15 170. 4 —| ——08P.MOV—
ENH S: R58
J Y
R50 .
G and B counter D: Gmotor pUITSS(:
170. R58
Y EN-
SET M17
= R51
Gmotor pulse
M17
| e
RST M15
——08P.MOV—
ENH S: 9000
D: R52
Bmotor pulse
start feeding and bending loop
M17 X6
| — | N
FLS- SET .Mll12
gripping +
EN-
SET M44
EN-
RST M17
M44 X5
— | | ENA
FLS+ SET M45
EN-
RST M44
EN-
RST M42
gripping +
M45 140.HSPSO—
— | EN- Ps: 0 FACT-
SR: R550
Grabbing motor +
-PAU{ WR: R2166 FERR-
M16
-ABTH ~FDN—( »—




Printed Item: Ladder Diagram - Main_unit1

N0010
0119M

NOO11
0129M

N0012
0135M

N0013
0140M

N0014
0146M

M16 —15P
— | EN- rOVF-
(+1) R50
G and B counter
EN-
SET M18
EN-
SET M46
EN-
RST M16
EN-
RST M45
M18 140.HSPSO—
— | ENq Ps: 1 FACT-
SR: R650
Bendding motor
-PAU{ WR: R5648 lERR-
M51
-ABTH ~FDN—( »—
M51
L I_N_
1| = SET M52
EN-
RST M18
EN-
RST M51
M46 |X5I
L I_N_
|1 FLSH Tl sET Ma1
gripping -
EN-
SET M48
EN-
RST M46
M48 |X6I
I L I_N_
' FLS = SET M49
EN-
RST M48
EN-
RST M41
gripping -




Printed Item: Ladder Diagram - Main_unit1

N0015
0152M

N0016
0158M

N0017
0163M

N0018
0177M

M49 140.HSPSO—
—| i EN4 Ps: 0 FACT-
SR: R800
g motor -
-PAU{ WR: R1212 FERR-
M50
-ABTH —FDN—( >—
M50
— | End
SET M53
EN-
RST M49
EN-
RST M50
here the bending mechanism and the feeding mechanism will wait for each other
M52 M53 — 173. R50 —j M20
—| I I I G and B counter
<> 5
— 170. R50 — M21
G and B counter
= 5
EN-
RST M52
EN-
RST M53
if loop isnt done yet then make the loop repeat
M20
— | EN-
SET M15
EN-
RST M20

if the loop is done then continue the code




Printed Item: Ladder Diagram - Main_unit1

M21 |X2I
Noo19| — | 1/} EN
BLS SET M22
0181M " bending -XX
EN-
SET M32
EN-
RST M21
X3I M32
Noo20| —] | ] | EN+
0187M BLS- SET M26
EN-
RST M22
bending -XX
EN-
RST M32
pulling the rebar back process
M26 140.HSPSO—
Noo21( — | EN- Ps: 0 rACT-
0193M
SR: R850
-PAU{ WR: R1000  |ERR-
M54
-ABTH ~FDN—( »—
M54 |X6I
Noo22| — | | | EN+
0199M FLS- SET M55
EN-
RST M26
EN-
RST M54
M5:5
No023[ — | EN-
0205M SET ‘M42
gripping +
EN-
SET M56
EN-
RST M55




Printed Item: Ladder Diagram - Main_unit1

N0024
0210M

N0025
0216M

N0026
0222M

N0027
0226M

N0028
0232M

M56 X5
I L 1 | EN-
! L - SET M57
FLS+
EN-
RST M56
EN-
RST M42
gripping +
M57 140.HSPSO—
— | ENq Ps: 0 FACT-
SR: R700
Grabbing motor -
-PAU{ WR: R5648 FERR-
M58
-ABTH —DN——( >—
M58
— | ENY
SET M59
EN-
RST M57
e
EN-
' FLSH Tl sET Ma1
gripping -
EN-
SET M60
EN-
RST M59
ve e
EN-
' FLS ] seT M61
EN-
RST M41
gripping -
EN-
RST M60

start cutting the rebar




Printed Item: Ladder Diagram - Main_unit1

M61 |X1I
N0029| — | 1/} EN
CLS- SET M25
0238M cutting +XX
EN—
SET M31
EN+
RST M61
XOI M31
N0030 —C|LSI | | ENT oy Vo4
+
0244M cutting -XX
EN+
SET M30
EN—
RST M31
EN+
RST M25
cutting +XX
X1I M30
No031| — /| | | EN+
0251M CLS- SET M29
EN+
RST M24
cutting -XX
EN+
RST M30
M29 |X3I
Noo32| — | | | EN+
BLS- SET M23
0257M bending +XX
EN+
SET M62
EN+
RST M29




Printed Item: Ladder Diagram - Main_unit1

N0033
0263M

N0034
0273M

FOVF-

M62 |X2I
I =
I N_
: B'L/s'+ - SET M34
end ofsteps loop
—15P
EN-
(+1) R54
COUNTER
———08P.MOV—
EN- S: 0
D: R50
G and B counter
EN-
RST M23
bending +XX
M34 M14
1 | /1 ENA
end ofst end of RST M11
start each peace
eps loop cycle
EN-
RST M34
end ofsteps loop
M14
— | ENA
end of SET M33
FIRSTP
cycle
EN-
RST M34

end ofsteps loop

triangle shape




Printed Item: Ladder Diagram - Main_unit1

N0035
0285M

N0036
0296M

M100 M103
1 1 1 EN-
I 1 I E
SETT STARTT SET M104
start all peaces
EN-
SET M110
manually C1
EN-
SET M2
start calculatio
———08P.MOV—
ENq S: 0
D: R54
COUNTER
EN-
RST M103
STARTT
EN-
RST M100
SETT
EN-
RST M114
end of cycle
EN-
RST M33
FIRSTP
M104 M111 'M’]
1 1/1 1 e
I/I 1 EN—
start al start ea calculat SET M1f13 |
| peaces ch peace jons don start of cycle
EN-
SET M111
start each peace
M109
PLS] Cf Loup—( —
end of
PV: R55 C1
M112 HMIQ
I CLR{
clear
counter
EN-
SET M114
end of cycle
EN-
RST M112
clear counter
EN-
RST M1
calculations don

end of cycle




Printed Item: Ladder Diagram - Main_unit1

N0037
0313M

N0038
0319M

M109 M110
1 1 1 EN-
! LS. - SET M112
end of manually
C1 C1 clear counter
EN-
RST M104
start all peaces
EN-
RST M110
manually C1
M113
| EN+
start SET M115
of cycle
EN-
RST M113

start of cycle

insert motor pulses for each step




Printed Item: Ladder Diagram - Main_unit1

M115 170.

N0039
0323M

170.

= R150
G and B counter

GandBc

= R150

ounter

|

|

——08DP.MOV-
ENH S: 61160
D: R151
Gmotor pulse
170D. 61160
EN-
SET M117
= R151
Gmotor pulse
M117
1 L EN-
LI | =
RST M115
——08P.MOV—
ENH S: 9000
D: R152
Bmotor pulse
——08P.MOV—
ENH S: R58
Y
D: R151
Gmotor pulse
170. R58
Y EN-
SET M117
= R151
Gmotor pulse
M17
| F—en-
RST M115
——08P.MOV—
ENH S: R160
base angle
D: R152

Bmotor pulse




Printed Item: Ladder Diagram - Main_unit1

N0040
0348M

N0041
0373M

M15 170. 2 —| ——08P.MOV—
_I I_ EN- S: R57
J X
= R150 .
G and B counter o Gmotor p5|121
170. R57
X EN-
SET M117
= R151
Gmotor pulse
M117
1 | EN-
LI | =
RST M115
——08P.MOV—
ENH S: R160
base angle
D: R152
Bmotor pulse
170. 3 —| ——08P.MOV—
ENH S: R58
J Y
= R150 .
G and B counter o Gmotor p5|121
170. R58
Y EN-
SET M117
= R151
Gmotor pulse
M117
| N
RST M115
——08P.MOV—
ENH S: 9000
D: R152
Bmotor pulse
start feeding and bending loop
M117 X6
| — | EN-
FLs. SET .M‘.lz
gripping +
EN-
SET M144
EN-
RST M117




Printed Item: Ladder Diagram - Main_unit1

N0042
0380M

N0043
0386M

N0044
0392M

N0045
0402M

N0046
0408M

M144 X5
1 1 1 EN-
! L - SET M145
FLS+
EN-
RST M144
EN-
RST M42
gripping +
M145 140.HSPSO—
= ENH Ps: 0 FACT-
SR: R550
Grabbing motor +
-PAU{ WR: R5687 lERR-
M116
-ABTH —DN——( >—
M116 —15P
I ENA rOVF-
(+1) R150
G and B counter
EN-
SET M146
EN-
SET M118
EN-
RST M116
EN-
RST M145
M118 140.HSPSO—
i ENH Ps: 1 FACT-
SR: R650
Bendding motor
-PAU{ WR: R6789 FERR-
M151
-ABTH ~FDN—( »—
M151
EN-
SET M152
EN-
RST M118
EN-

RST M151




Printed Item: Ladder Diagram - Main_unit1

N0047
0413M

N0048
0419M

N0049
0425M

N0050
0431M

NO051
0436M

M146 X5
1 1 1 EN-
! LA - SET M4
FLS+
gripping -
EN-
SET M148
EN-
RST M146
M148 X6
1 1 1 EN-
I 1 T =
FLS- SET M149
EN-
RST M41
gripping -
EN-
RST M148
M149 140.HSPSO—
I EN7  Ps: 0 FACT-
SR: R800
g motor -
-PAU{ WR: R6549 FERR-
M150
-ABTH ~FDN—( »—
M150
| 1 e
N_
! - SET M153
EN-
RST M149
EN-
RST M150
here the bending mechanism and the feeding mechanism will wait for each other
M152 M153 — 173. R150 — M120
—| : : i G and B counter
<> 4
— 170. R150 — M121
G and B counter
= 4
EN-
RST M152
EN-
RST M153




Printed Item: Ladder Diagram - Main_unit1

if loop isnt done yet then make the loop repeat
M120
Noos2[ —] | ENA
0450M SET M115
EN-
RST M120
if the loop is done then continue the code
M121 |X2I
[ | =N-
N0053| —] | 1 | ENY oor \ioo
0454M BLS* bending -XX
EN-
SET M132
EN-
RST M121
X3I M132
1 | =N
Noos4| |— | 1 "N ser M126
0460M BLS-
EN-
RST M132
EN-
RST M22
bending -XX
pulling the rebar back process
M126 140.HSPSO—
No0s5( — | EN- Ps: 0 rACT-
0466M
SR: R850
-PAU{ WR: R1111 FERR-
M154
-ABTH —DN—( >—
M154 |X6I
Nooss| — | | | EN+
0472M FLS- SET M155
EN-
RST M126
EN-
RST M154




Printed Item: Ladder Diagram - Main_unit1

N0057
0478M

N0058
0483M

N0059
0489M

N0060
0495M

NO0061
0499M

N0062
0505M

M155
| EN
SET M42
gripping +
EN-
SET M156
EN-
RST M155
M156 X5
1 1 EN-
1 I =
FLS+ SET M157
EN-
RST M156
EN-
RST M42
gripping +
M157 140.HSPSO—
EN- Ps: 0 FACT-
SR: R700
Grabbing motor -
-PAU{ WR: R1212 FERR-
M158
-ABTH ~FDN—( »—
M158
EN-
SET M159
EN-
RST M157
M159 X5
1 1 EN-
LI =
FLS+ SET .M41
gripping -
EN-
SET M160
EN-
RST M159
M160 X6
1 1 EN-
LI =
FLS- SET M161
EN-
RST M41
gripping -
EN-
RST M160




Printed Item: Ladder Diagram - Main_unit1

start cutting the rebar
M161 |X1I
I | =
31;016; ! oLS- "N ser M25
cutting +XX
EN-
SET M131
EN-
RST M161
XOI M131
1 | [
NOO64 —C|LSI | | ENT oy Vo4
+
0517M cutting -XX
EN-
SET M130
EN-
RST M131
EN-
RST M25
cutting +XX
X‘1I M130
Nooss| —1/} |l "N ser M129
0524M CLS-
EN-
RST M24
cutting -XX
EN-
RST M130
M129 |X3I
[ | [
Nooss| — | 1] EN+ SET V23
0530M - bending +XX
EN-
SET M162
EN-
RST M129




Printed Item: Ladder Diagram - Main_unit1

N0067
0536M

N0068
0546M

FOVF-

M162 |X2I
| =
I N_
' B'L/s'+ | osET M134
end ofsteps loop
—15P
EN-
(+1) R54
COUNTER
——08P.MOV—
ENH S: 0
D: R150
G and B counter
EN-
RST M23
bending +XX
M134 M114
1 1 1/1 ENA
o nd c "] Ret M111
end ofst end of
eps loop cycle start each peace
EN-
RST M134
end ofsteps loop
M114
: En
end of SET M33
cycle FIRSTP
EN-
RST M134

end ofsteps loop

pin shape




Printed Item: Ladder Diagram - Main_unit1

N0069
0558M

N0070
0569M

M200 M203
1 1 1 EN-
I 1 1 E
SETP STARTP SET M204
start all peaces
EN-
SET M210
manually C2
EN-
SET M2
start calculatio
———08P.MOV—
ENq S: 0
D: R54
COUNTER
EN-
RST M203
STARTP
EN-
RST M200
SETP
EN-
RST M214
end of cycle
EN-
RST M33
FIRSTP
M204 M211 'M'l
1 1/1 1 e
I |/ I 1 EN-
start al start ea calculat SET M2f13 |
| peaces ch peace jons don start of cycle
EN-
SET M211
start each peace
M209
PLS| C2 Loup—( —
end of
PV: R55 C2
M212 HMIQ
I CLR{
clear
counter
EN-
SET M214
end of cycle
EN-
RST M212
clear counter
EN-
RST M1
calculations don

end of cycle




Printed Item: Ladder Diagram - Main_unit1

NOO71
0586M

N0072
0592M

M209 M210
1 1 1 EN-
! LS. - SET M212
end of manually
c2 c2 clear counter
EN-
RST M204
start all peaces
EN-
RST M210
manually C2
M213
| EN+
start SET M215
of cycle
EN-
RST M213

start of cycle

insert motor pulses for each step




Printed Item: Ladder Diagram - Main_unit1

N0073
0596M

N0074
0623M

M215 170. 0 ——08DP.MOV-
ENH S: 54120
= R250 .
G and B counter D: R251
Gmotor pulse
170D. 54120
EN-
SET M217
= R251
Gmotor pulse
M217
1 | EN-
| | =
RST M215
——08P.MOV—
ENH S: 12000
D: R252
Bmotor pulse
— 170. 1 ——08P.MOV—
ENH S: R57
X
= R250 .
— G and B counter D: . R251
— 170. 2 motor pulse
= R250
— G and B counter
170. R57
X EN-
SET M217
= R251
Gmotor pulse
M217
| | ENA
RST M215
——08P.MOV—
ENH S: 12000
D: R252
Bmotor pulse
start feeding and bending loop
M217 X6
11 11 ENA
LI | 11 =
FLS- SET M42
gripping +
EN-
SET M244
EN-
RST M217




Printed Item: Ladder Diagram - Main_unit1

N0075
0630M

N0076
0636M

N0O77
0642M

NO078
0652M

N0079
0658M

M244 X5
1 1 1 EN-
! L - SET M245
FLS+
EN-
RST M244
EN-
RST M42
gripping +
M245 140.HSPSO—
= ENH Ps: 0 FACT-
SR: R550
Grabbing motor +
-PAU{ WR: R2122 FERR-
M216
-ABTH —DN——( >—
M216 —15P
I ENA rOVF-
(+1) R250
G and B counter
EN-
SET M218
EN-
SET M246
EN-
RST M216
EN-
RST M245
M218 140.HSPSO—
i ENH Ps: 1 FACT-
SR: R650
Bendding motor
-PAU{ WR: R2322 FERR-
M251
-ABTH ~FDN—( »—
M251
L '_N_
I =
SET M252
EN-
RST M218
EN-

RST M251




Printed Item: Ladder Diagram - Main_unit1

N0080
0663M

NO0081
0669M

N0082
0675M

N0083
0681M

N0084
0686M

M246 X5
1 1 1 EN-
I 1 1 E
FLS+ SET M41
gripping -
EN-
SET M248
EN-
RST M246
M248 X6
1 1 1 EN-
I 11 =
FLS- SET M249
EN-
RST M248
EN-
RST M41
gripping -
M249 140.HSPSO—
I EN7  Ps: 0 FACT-
SR: R800
g motor -
-PAU{ WR: R2132 FERR-
M250
-ABTH ~FDN—( »—
M250
L '_N_
l =
SET M253
EN-
RST M249
EN-
RST M250
here the bending mechanism and the feeding mechanism will wait for each other
M252 M253 — 173. R250 — M220
| | | G and B counter
<> 3
— 170. R250 — M221
G and B counter
= 3
EN-
RST M252
EN-
RST M253




Printed Item: Ladder Diagram - Main_unit1

if loop isnt done yet then make the loop repeat

N0085
0700M

N0086
0704M

N0087
0710M

N0088
0716M

N0089
0722M

M220
| EN
SET M215
EN-
RST M220
if the loop is done then continue the code
M221 X2
1 1 /1 EN-
! L - SET M22
BLS+
bending -XX
EN-
SET M232
EN-
RST M221
X3 M232
I 1 1 1 EN-
I LI | =
BLS- SET M226
EN-
RST M22
bending -XX
EN-
RST M232
pulling the rebar back process
M226 140.HSPSO—
} EN- Ps: 0 FACT-
SR: R750
motor +180
-PAU{ WR: R2132 FERR-
M254
-ABTH ~FDN—( »—
M254 X6
1 1 1 EN-
! g - SET M255
FLS-
EN-
RST M226
EN-
RST M254




Printed Item: Ladder Diagram - Main_unit1

N0090
0728M

NO0091
0733M

N0092
0739M

N0093
0745M

N0094
0749M

N0095
0755M

M255
| EN
SET M42
gripping +
EN-
SET M256
EN-
RST M255
M256 X5
1 1 1 EN-
I 1 I =
FLS+ SET M257
EN-
RST M256
EN-
RST M42
gripping +
M257 140.HSPSO—
i EN- Ps: 0 FACT-
SR: R600
G motor -180
-PAU{ WR: R2132 FERR-
M258
-ABTH ~FDN—( »—
M258
L '_N_
l =
SET M259
EN-
RST M257
M259 X5
1 1 1 EN-
! L - SET M4
FLS+
gripping -
EN-
SET M260
EN-
RST M259
M260 X6
1 1 1 EN-
! g - SET M261
FLS-
EN-
RST M41
gripping -
EN-
RST M260




Printed Item: Ladder Diagram - Main_unit1

start cutting the rebar
M261 |X1I
I | =
817063193 ' CLs- N7 ser M25
cutting +XX
EN-
SET M231
EN-
RST M261
XOI M231
1 | [
N0097 —C|LSI | | ENT oy Vo4
+
or67™ cutting -XX
EN-
SET M230
EN-
RST M231
EN-
RST M25
cutting +XX
X’]I M230
Noosa) —1/} |l "N ser M229
0774M CLS-
EN-
RST M24
cutting -XX
EN-
RST M230
M229 |X3I
[ | [
Noo99| — | 1] EN+ SET V23
0780M - bending +XX
EN-
SET M262
EN-
RST M229




Printed Item: Ladder Diagram - Main_unit1

N0100
0786M

NO101
0796M

N0102
0808M

N0103
0810M

N0104
0812M

N0105
0814M

N0106
0816M

N0107
0818M

+

M262 |X2I
| =
I N_
' B'L/s'+ | osET M234
end ofsteps loop
—15P
ENT FOVF-
(+1) R254
——08P.MOV—
EN- S: 0
D: R250
G and B counter
EN-
RST M23
bending +XX
M234 M214
1 | 1/1 EN-
o nd c "] Ret M211
end ofst end of
eps loop cycle start each peace
EN-
RST M234
end ofsteps loop
M214
: En
end of SET M33
cycle FIRSTP
EN-
RST M234
end ofsteps loop
actions
M22 Y7
— | ,
! \
bending BLA-
-XX
M23 Y6
— | ,
! \
bending BLA+
+XX
M24 Y5
— | ,
! \
cutting CLA+
-XX
M25 Y4
— | ,
! \
cutting CLA+
+XX
M41 Y9
— | ,
! \
gripping FLA-
M42 Y8
— | ,
! \
gripping FLA+

reset all




Printed Item: Ladder Diagram - Main_unit1

N0108
0820M

N0109
0825M

N0110
0840M

NO111
0845M

N0112
0850M

M7
| EN+
RESETALL SET M5
EN-
SET M6
EN-
RST M7
RESETALL
M5 X4 140.HSPSO—
I I = I EN- Ps: 1 FACT-
DLS
SR: R900
-PAU{ WR: R2135 FERR-
-ABTH ~DN—
X4
| | ENA
DLS SET M37
EN-
RST M5
M6
— | .
SET Me7
EN-
SET M41
gripping -
EN-
RST M6
Me7 |X6I
L '_N_
|1 Fls. = seT M68
EN-
RST M41
gripping -
M68 X7 140.HSPSO—
1 | = I EN- Ps: 0 FACT-
SLS
SR: R950
-PAU{ WR: R987 lERR-
-ABTH —DN—
X7
— | ENH
SLS RST M68




Printed Item: Ladder Diagram - Main_unit1

M37
I | =
gg;l\i I "N ser M25
cutting +XX
EN-
SET M38
EN-
RST M37
XOI M38
I 1 | =
3‘5;& CLs+ o "N ser M24
cutting -XX
EN-
SET M39
EN-
RST M38
EN-
RST M25
cutting +XX
X’]I M39
N0115 _clz{s' | | ENT oy V23
0874M i bending +XX
EN-
SET M40
EN-
RST M24
cutting -XX
EN-
RST M39
M40 |X2I
Not16| — | /1 EN+
0881M BLS+ RST M40
EN-
RST M23
bending +XX
calculations




Printed Item: Ladder Diagram - Main_unit1

NO0117
0886M

N0118
0906M

M2
| ENA
start ca SET M63
Iculatio
13.(%)
EN- Sa: R100 FD=0-
HMIX
Shb: 2200
—U/S D: R57 FD<0-
X
13.(%)
EN- Sa: R101 FD=0-
HMIY
Sh: 2200
—U/SH D: R58 D<0-
Y
13.(%)
EN- Sa: R101 FD=0-
HMIY
Sh: 2
—U/SH D: R62 FD<0-
EN-
RST M2
start calculatio
MG?
I EN-
! - SET M64
14.(/)
EN- Sa: R100 FD=0-
HMIX
Sh: R62
-U/s{ D: R64  [ERR-
EN-
RST M63




Printed Item: Ladder Diagram - Main_unit1

NO0119
0916M

N0120
0923M

N0121
0933M

N0122
0943M

N0123
0944M

N0124

0945M

M64
— | EN-
SET M65
219.FACOS
EN- S: R64 FERR-
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