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Rezumat

Lucrarea prezintd un studiu de caz din industria auto, studiu care pune in evidentd toate etapele obtinerii unei
imbindri sudate prin lipire prin retopire cu element cald. Studiul va prezenta etapele realizdrii imbindrii prin lipire
a celor 2 componente.

Imbinarea obtinutd este realizatad prin lipirea unui circuit flexibil de un circuit PBC printr-un proces total automa-
tizat, un proces care se desfdsoard pe o linie de lipire cu cinci posturi. Linia prezentatd este o linie smart, in care
aportul operatorului este foarte mic; inclusiv etapa de validare se realizeazd automatizat iar datele sunt salvate
in cloud pentru a avea o trasabilitate continud si de durata.

Cuvinte cheie
Lipire la cald/ Hot Bar Reflow Soldering, calibrare proces, lipire circuite flexibile, parametrii de lipire, verificare.

Abstract

The paper presents a case study from the automotive field, highlighting all the steps involved in obtaining
a welded joint by Hot Bar Reflow Soldering. The study will present the steps of the joining by soldering of 2
components.

The obtained joint represents the soldering of a flexible circuit to a PBC through a fully automated process,
a process that takes place on a soldering line with 5 stations. The presented line is a smart line where the
operator input is very low, including the validation step is performed automatically and the data is saved in
the cloud to have a continuous and durable traceability.
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1. Introducere
Lipirea la cald, cunoscuta si sub denumirea de lipire
prin reflux cu incdlzire pulsata sau lipire la cald, este
un proces de Tmbinare selectiva in care doua piese
placate cu aliaj de lipire sunt puse in contact sub pre-
siune si incadlzite la o temperaturd suficientd topirii
aliajului de lipire, dupa care piesele sunt racite pen-
tru a forma o imbinare permanenta.
Avantajele lipirii prin retopire sunt:

e Crestere si racire rapida a temperaturii

e Controlul temperaturii in bucld Tnchisa

e Pozitionarea precisa a pieselor

e Se pot realiza simultan conexiuni multiple.

1. Introduction
Hot soldering, also known as hot- bar reflow solder-
ing, is a selective joining process in which two parts
plated with solder alloy are brought together under
pressure and heated to a temperature sufficient
to melt the solder alloy, after which the parts are
cooled to form a permanent joint.
The advantages of hot- bar reflow soldering are:

e Fast increase and cooling of temperature

¢ Closed loop temperature control

* Precise positioning of parts

e Multiple connections can be made simultane-

ously.
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2. Descrierea procesului
2.1 Pregatire in vederea lipirii
Pentru a pregati procesul de retopire, este necesar
sa se parcurgd urmatorii pasi de pregatire:
e Substratul de baza este amplasat intr-un dispozitiv
de fixare, iar agentul de lipire se aplica pe placute
* Se pozitioneaza suportul flexibil Tn dispozitivul de
fixare a pieselor, asigurand alinierea ambelor se-
turi de placute
e Se initiazd procesului efectiv de lipire activand
unitatea de control al lipirii.
Procesul propriu-zis de lipire la cald prin reflux consta in
urmatoarele etape de proces: incalzire, retopire si rdcire.
Aceste etape ale procesului sunt descrise in figura 2.

2. Process description
2.1 Preparation for hot-bar reflow soldering
To prepare for the re-melting process, the following
preparatory steps are necessary:
* The base substrate is placed in a fixture and the
agent is applied to the pads
* Position the flexible backing in the fixture ensur-
ing alignment of both sets of pads.
e The initiation of the soldering process by activat-
ing the soldering control unit.
The actual hot-bar reflow soldering process consists
of the following process steps: heating, re-melting
and cooling. These process steps are described in
figure 2.
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a. ciclograma de principiu a incalzirii
a. principle of heating curve
Figura 1. Ciclograma procesului de lipire
Figure 1. Soldering heating process

Tn figura 1 s-au utilizat urméatoarele simbolizari:
A: Debut proces

B: Incepere racire

C: Sfarsit proces

A—B: Timpul de proces necesar

B—C: Timp suplimentar pentru tolerante

2.2 Zona de contact

Miscarea dispozitivului de Tncalzire se face cu ajuto-
rul unui cilindru pneumatic sau al unui motor elec-
tric. Un sistem de resort intern genereaza o forta
precisa astfel incat sa rezulte o presiune mai mica de
100 N. Forta trebuie calibrata si reglata corect pentru
a obtine un transfer corect de energie termica catre
imbinarea doritda. Capul de lipire trebuie sa aibd o
reglare precisa a coplanaritatii pentru a fi reglata cu
exactitate planeitatea termosondei fata de produs.
Aceste capete au o constructie modularad si, prin
urmare, sunt versatile pentru integrare. Dupa ce se
da semnalul de pornire, capul de lipire este coborat
usor pana cand se asaza pe produs, capul detecteaza
pozitia produsului. Forta se acumuleaza pana cand
este atinsa forta prestabilita. Atunci cand este atinsa
forta prestabilita, un semnal este transmis catre sur-
sa de alimentare, care incepe sa incalzeasca dispozi-
tivul de incalzire al termosondei.
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b. model de ciclograma reala a incalzirii
b. real heating curve

In figure 1 the following symbols were used:
A: Debut of the process

B: Start cooling

C: End of process

A—B: Effective soldering time

B—C: Supplementary time (tolerances)

2.2 Contact area

The movement of the heating device is made by
means of a pneumatic cylinder or an electric motor.
An internal pressure spring system generates a pre-
cise force so that a pressure of less than 100 N re-
sults. The force must be calibrated and set correctly
to achieve the correct heat transfer to the desired
joint. The soldering head must have a precise copla-
narity adjustment to accurately set the flatness of
the heat probe to the product.

These heads have a modular construction and are
therefore versatile for integration. After the start
signal is given, the soldering head is gently lowered
until it rests on the product, the head detects the
position of the product. The force builds up until the
preset force is reached. When the preset force is
reached, a signal is transmitted to the power supply,
which starts to heat the heater of the thermo-wave
heater.
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2.3 Zona de incalzire

n zona deincélzire, prin intermediul dispozitivului de
lipire se mentine produsul cu forta prestabilita. Uni-
tatea de control a dispozitivului de lipire, denumita si
,SCU” sau ,sursa de alimentare”, primeste semnalul
de pornire pentru procesul de lipire. SCU trimite
energie electrica prin intermediul dispozitivului de
lipire. Dispozitivul de lipire este proiectat astfel incat
rezistenta electrica sa fie mai mare in partea de jos
(unde atinge produsul). Cdldura este generata prin
efect Joule-Lenz. Un mic termocuplu este lipit pe
partea din fata a acestuia. Acest termocuplu trans-
mite inapoi temperatura reald a barei incalzite catre
SCU. Astfel se realizeaza o reglare completa in circuit
inchis pentru ciclul temperatura-timp. Timpul uzual
de crestere pentru majoritatea termocuplelor este
de 1,5 pana la 2 secunde, ceea ce echivaleaza cu o
rata de Tncalzire de aproximativ 200 de grade Cel-
sius pe secunda. Cea mai noud generatie de unitati
de control al procesului de lipire controleaza tem-
peratura pe tot parcursul fazei de incdlzire. Atunci
cand ,temperatura de refulare” este aproape atinsa,
unitatea de control al procesului de lipire trebuie sa
reduca viteza de incalzire pentru a preveni o depadsire
a temperaturii. O buna unitate de control al lipirii si o
buna combinatie intre unitatea de control al lipiturii
si dispozitivul Hot Bar vor compensa diferentele de
sarcind termica care pot aparea in conditii normale
de productie.

2.4 Zona de racire

Atunci cand dispozitivul de lipire finalizeaza Tmbinarea
tuturor pieselor, alimentarea lui cu energie se va opri,
el urmand sa se raceasca. Procesul de racire poate fi
scurtat prin utilizarea racirii fortate cu aer. SCU poate
comuta un releu care controleaza fluxul de aer la
sfarsitul perioadei de refulare si poate raci rapid imbi-
narea si dispozitivul de lipire. Pentru un control optim
al procesului, racirea se face la 0 anumita temperatura.
Aceasta temperatura este reglata la o valoare mai
micd decat temperatura de solidificare a lipiturii. Prin
urmare, de indata ce lipitura devine solida, procesul
se incheie si se formeaza o imbinare. Deoarece ma-
joritatea imbindrilor au un dispozitiv de lipire destul de
mare, temperatura din Tmbinare este mai mica decat
temperatura masurata in dispozitivul de lipire, chiar si
atunci cand se utilizeaza racirea fortata cu aer. Prin ur-
mare, temperatura de pornire poate fi setatd la 180°C
in majoritatea cazurilor, fara a exista riscul de a depresa
piesele inainte ca solidificarea sa fi avut loc [2].

2.3 Heating zone

In the heating zone, the product is held with the
preset force by means of the soldering device. The
soldering device control unit, also called "SCU" or
"power supply", receives the start signal for the sol-
dering process.

The SCU sends electrical power through the sol-
dering device. The soldering device is designed so
that the electrical resistance is higher at the bottom
(where it touches the product). Heat is generated by
the Joule-Lenz effect.

A small thermocouple is soldered to the front of the
device. This thermocouple transmits back the actual
temperature of the heated bar to the SCU. This pro-
vides a complete closed-loop control for the tem-
perature-time cycle.

The usual rise time for most thermocouples is 1.5 to
2 seconds, which equates to a heating rate of about
200 degrees Celsius per second. The latest genera-
tion of solder process control units controls the tem-
perature throughout the heating phase.

When the 'reflow temperature' is almost reached,
the solder process control unit must reduce the
heating rate to prevent the temperature from being
exceeded.

A good solder control unit and a good combination
of solder control unit and hot bar device will com-
pensate for any differences in thermal load that may
occur under normal production conditions.

2.4 Cooling zone

When the soldering device has succeeded in achiev-
ing the joining of all the parts, its power supply may
stop, and it will cool down. The cooling process can
be shortened by using forced air cooling. The SCU
can switch a relay that controls the air flow at the
end of the reflow period and can rapidly cool the
joint and the soldering device. For optimum process
control, cooling is done at a certain temperature.
This temperature is set to a value lower than the sol-
der solidification temperature. Therefore, as soon as
the solder becomes solid, the process is completed,
and a joint is formed. Since most solder joints have a
large soldering device, the temperature in the joint
is lower than the temperature measured in the sol-
dering device, even when forced air cooling is used.
Therefore, the start temperature can be set to 180°C
in most cases, without the risk of depressing the
parts before solidification has taken place [2].
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Figura 2. Ciclograma procesului de lipire
Figure 2. Soldering heating process

Tn ceea ce priveste utilizarea foliilor din poliamida fle-
xibila, furnizorii infrastructurilor AMADA recomanda:
e distanta dintre doud PCB-uri ar trebui sa fie 50% din
suprafata totala alocata circuitului, conform figurii 4.
e urma circuitului flexibil ar trebui sa reprezinte
80% in circuitului PCB- acest lucru permite o dis-
persie mai mare a lipiturii
e circuitele poliamidei flexibile ar trebuie sa fie cu
aprox. 0,2 mm mai scurte decat cele ale PCB
e realizarea unei inspectii vizuale in toate etapele
procesului
e verificarea alinierii dispozitivului de lipire [2].

Folyimide flex foils (FPC)

Figura 3. Folie din poliamida flexibila
Figure 3. Polyimide flex foils

Regarding the use of Polyimide flex foils, the AMADA
infrastructure providers recommend:

e the distance between two PCBs should be 50%
of total surface of the circuit, as shown in figure
4,

e the trace of the flexible circuit should represent
80% of the PCB circuit- this allows a greater dis-
persion of the solder

* The flexible polyamide circuits should be about
0.2 mm shorter than the PCB circuits.

e Perform a visual inspection at all process stages

e Careful verification of solder alignment [2].

Figura 4. Pozitionarea foliei din poliamida flexibila in timpul procesului de lipire
Figure 4. Positioning of the polyimide flex foils during soldering process

3. Imbinarea unui circuit PCB cu un cir-
cuit din poliamida flexibila — aplicatie
din domeniul auto

3.1 Descrierea procesului si a instalatiei

Aceasta parte a lucrarii contine un studiu de caz din
domeniul auto in care vor fi explicati toti pasii de
realizare a unei imbinadri dintre un circuit PCB si un
circuit dintr-o poliamida flexibild, imbinarea reali-
zandu-se prin lipire la cald cu ajutorul unei statii de
la compania AMADA.

Linia de lipire este alcdtuita din cinci posturi dedicate
celor 5 etape ale procesului si anume:

Postul 1: Zona de incarcare si descarcare automata
a placilor de circuit imprimate (PCB), in aceasta zona
sunt descarcate doud PCB-uri cu circuite flexibile si
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3. Joining PCB circuit with a flexible
polyamide circuit - Automotive indus-
try application

3.1 Description of process and equipment

This part of the paper presents a case study from the
automotive field which will explain all the steps to
produce the bond between a PCB circuit and a flex-
ible polyamide circuit, the bonding is done by hot
- bar reflow soldering with the help of an AMADA
station.

The soldering line consists of 5 stations for 5 stages
of the whole process, namely:

Station 1: Printed circuit board (PCB) automated
loading and unloading area, in this area two PCBs
with flexible circuits are unloaded and new unpro-
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Figura 5. imbinare dintre PCB si un circuit flexibil
Figure 5. Joint of PCB to flex circuit

Figura 6. Statia de lipire
Figure 6. Soldering equipment
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Figura 7. Posturile de lucru in cadrul statiei de lipire
Figure 7. Working sites within the soldering equipment

sunt incarcate noi PCB-uri neprocesate. Senzorii de sub
masa de lucru inregistreaza modalitatea de plasare a
PCB-urilor (dacd este o pozitionare corectd sau nu).

Postul 2: Tn cadrul acestui post se aplic fluxul pe PCB-
uri; in aceasta zona sunt efectuate doua operatiuni:

e 0 suprafatda este impregnata cu ,flux” lichid
rece, prin pulverizare. Fluxul poate fi observat la
lumina UV.

e un sistem de vizualizare/monitorizare masoara
acoperirea cu flux in procente de suprafata. Valo-
rile masurate pot fi salvate, daca este necesar

Postul 3: Zona in care circuitele flexibile sunt tinute
in partea inferioara a statiei prin absorbtie (depre-
siune). Nivelul de absorbtie este monitorizat de un
controler logic programabil (PLC) care este afisat in
fata liniei. Senzorul indicad atingerea nivelului minim
cand isi schimba culoarea de la rosu la albastru. Daca
nivelul nu este atins, se verifica plasarea de catre ro-
bot sau calitatea vidului in dispozitiv. intreaga etapé
este prezentata in figura 8.

Postul 4: Circuitele flexibile sunt lipite pe PCB. Tn tim-
pul procesului de lipire, suporturile de fixare mentin

cessed PCBs are loaded.

Sensors under the worktable record how the PCBs are
placed, whether they are positioned correctly or not.
Station 2: In this post, flux is applied to PCBs; two
operations are performed in this area:

e a surface is impregnated with cold liquid "flux"
by spraying. The flux can be observed under UV
light.

e a visualization/monitoring system measures flow
coverage as a percentage of area. Measured val-
ues can be saved if necessary.

Station 3: The area where flexible circuits are held at
the bottom of the station by vacuum. The vacuum
level is monitored by a programmable logic control-
ler (PLC) which is displayed in front of the line The
sensor indicates that the minimum level has been
reached when it changes colour from red to blue. If
the level is not reached, the robot checks the place-
ment or quality of the vacuum in the device, the
whole step is shown in figure 8.

Station 4: Flexible circuits are soldered to the PCB.
During the soldering process, the fixing brackets
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PCB-urile in jos. Dispozitivul de fixare este pozitionat
astfel Tncat sa nu fie in contact cu placa de circuit
imprimat. De asemenea, dispozitivul de sustinere nu
va intra Tn contact cu niciuna dintre componentele
de pe PCB.
Postul 5: Verificarea finala a produsului (figura 9); se
vor verifica urmadtoarele puncte:

e Pozitia foliei flexibile pe PCB.

e Unghiul circuitului flexibil fata de PCB

e Pozitia gdurii rectangulare din circuitul flexibil Tn

raport cu PCB-ul [3].

Figura 8. Postul 4 - zona de lipire
Figure 8. Station 4 - the soldering site

3.2 Parametrii procesului de lipire

Tn cazul acestui proces toti parametri se regleazd
conform instructiunilor producatorului infrastruc-
turii AMADA, care a optimizat tehnologia de lipire.
Parametri procesului de lipire sunt:

- temperatura si viteza de incalzire

- forta de apasare dintre componente

- planeitatea

- acoperirea cu flux a componentelor.

Viteza de incalzire:

- Viteza de incalzire: crestere lenta

- Viteza de incalzire: se regleaza la 85%

Pentru configurarea temperaturii de retopire se par-
curg urmatoarele etape:

-Pasul 1: Temperatura de repaus este OFF

-Pasul 2: Reglare cronometru de siguranta la 10 s
-Pasul 3: Reglare cronometru de eliberare la 00 s
-Pasul 4: Limita maxima de temperatura 420°C
-Pasul 5: Afisarea liniei AUX temp. OFF

-Pasul 6: Afisarea numarului AUX temp OFF

Curba de evolutie a temperaturii (tabel 1):

- Baza: 200°C0,0s

- Crestere: 10.0s

- Prefncalzire: 200°C0,0 s

- Crestere: 22.0s

- Retopire: 400°C 10,0 s

- Racire: 1200°C
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hold the PCBs down. The fixture is positioned so that
it is not in contact with the PCB. Also, the fixture will
not come into contact with any of the components
on the PCB.
Station 5: Final product verification (figure 9); the
following points are to be checked:

e Flex position on PCB.

¢ Angle of the flex circuit to the PCB

e Position of the rectangular hole in the flex circuit

relative to the PCB [3].

Figura 9. Postul 5 - zona de verificare
Figure 9. Station 5 - the testing site

3.2 Soldering process parameters

In the case of this process, all parameters are adjust-
ed according to the instructions of the infrastruc-
ture manufacturer AMADA, which has optimized the
bonding technology.

The parameters of the soldering process are:

- temperature and the heating rate

- pressing force between components

- flatness

- flux coverage of the components.

Heating rate:

- Heating rate: slow increase

- Heating speed adjusts: 85%

To set the re-melting temperature, the following
steps should be performed:

-Step 1: The rest temperature is OFF

-Step 2: Set the safety timer 10 s

-Step 3: Set release timer 00 s

-Step 4: Maximum temperature limit 420°C

-Step 5: AUX temp. line displays OFF

-Step 6: Display AUX temp OFF number
Temperature curve profile (table 1):

- Base: 200°C0,0 s

-Increase: 10.0s

- Preheat: 200°C0.0s

-Increase: 22.0s

- Reflow: 400°C 10.0 s
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- Post-incalzire: 200°C/ 0.0 s

- Racire: 2200°C

Pentru a determina limitele, parametrii multor piese
trebuie sa fie inregistrati si analizati, inclusiv in cazul
parametrului temperatura [4].

Tn cazul parametrului fortd masurarea si calibrarea
sunt foarte importante pentru a obtine valorile co-
recte.

Pozitia termocuplei si planeitatea suprafetei capului
de lipire sunt parametri principali. Fiecare cap de li-
pire are o posibilitate de ajustare pentru X (sageata
verde), Y (sageata rosie) si phi (sageatd albastra)
(figura 10). Fiecare termocupla poate fi reglatd dupa
directiile X (sageata rosie) si Y (sageata verde).

- Cooling: 1200°C

- Post-heating: 200°C/ 0.0 s

- Cooling: 2200°C

To determine the limits, parameters of many parts
need to be recorded and analysed, including the
temperature parameter [4].

In the case of the force parameter measurement and
calibration is very important to get the correct values.
Position of the thermocouple and flatness of the sol-
der head are the main parameters. Each solder head
has an adjustment possibility for X (green arrow),
Y (red arrow) and phi (blue arrow) (figure10). Each
thermocouple can be set flat in X (red arrow) and Y
(green arrow).

Figura 10. Postul 5 - zona de verificare
Figure 10. Station 5 - the testing site

Tabelul 1. Parametrii procesului de lipire
Tabel 1. Parameters of soldering orocess

Temperaturd] Momentul Durata | Timp suplimentar | Forta de Timpul de
Temperature| inceperii racirii | procesului | pentrutolerante | apdsare |purjare a fluxului
[°C] Start cooling |Process time|Additional time for| Force |Flux purging time
[s] tolerances [M] [s]
[s]
160-180 6 secunde 8 1.5 68.78 10
dupa inceperea 70 .68
procesului de 2 aplicari
lipire 2 times purged
6 s after start-
up soldering
process

Schimbarea pozitiei X, Y, phi nu are efect asupra
planaritatii termocuplei, dar schimbarea planaritatii
va avea un efect direct asupra pozitiei termocuplei
[6].

4. Concluzii

Lucrarea prezinta un studiu de caz pe procesul de
lipire prin retopire (lipire selectiva).

Studiul de caz prezintd o componenta de la un sen-
zor, componenta realizatd pe un echipament descris
in lucrare. Procesul este optimizat, fiecare parame-
tru care intervine in proces a fost calibrat la monta-
rea intregii linii. Factorul uman intervine foarte putin
in tot procesul, linia fiind integral automatizatg,
inclusiv zona de verificare/validare. Aceasta verifi-

Changing the X, Y, phi position has no effect on the
planarity of the thermocouple, but changing the pla-
narity will have a direct effect on the position of the
thermocouple [6].

4. Conclusions

The paper presents a case study on the Hot Bar Re-
flow Soldering process.

The case study shows a component from a sensor,
component realized on a station presented in the
paper. The process is optimised, each parameter in-
volved in the process has been calibrated during the
assembly of the whole line. The human factor inter-
venes very little in the whole process, the line be-
ing fully automated, including the validation/testing
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care este realizata automatizat in postul nr. 5, unde
produsul este supus la 5 verificari (unghiul si pozitia
circuitului flexibil fata de PCB, pozitia gaurii dreptun-
ghiulare de la circuitul flexibil in raport cu PCB)
Datele obtinute din validare sunt stocate in baze de
date; linia fiind complet automatizata se poate con-
sidera Tncadrarea produsului obtinut in categoria
smart-product deoarece tot fluxul este controlat si
validat pas cu pas, datele fiind stocate, astfel ca, in
cazul unui incident, se poate determina intr-un timp
foarte scurt cauza.
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Societatea CM METAL Trading SRL, membru ASR, care in anul 2024 sarbatoreste 30 ani de la infiintare, a or-
ganizat in data de 04.06.2024 evenimentul Open Day dedicat profesionistilor in domeniul sudarii, in cadrul
caruia s-au efectuat demonstratii de sudare robotizata, taiere CNC si manuala cu plasma si s-a desfasurat

La eveniment au participat reprezentanti ai unor firme din zona de vest a Romaniei, participanti la cursul de

Inginer Sudor International, cadre didactice si membri ai ASR.

www.asSsr.ro
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