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REZUMAT. Procesele de fabricaţie se desfăşoară sub acţiunea unor aşa numite cauze interne, care vor provoca dispersia internă a 
proceselor de fabricaţie. Asupra acestor procese vor acţiona şi diferiţi factori perturbatori, care constituie aşa numitele cauze 
externe, care generează dispersia accidentală a proceselor de fabricaţie. Acţiunea acestor cauze externe trebuie sesizată, pentru ca 
ele să fie eliminate, sau în cel mai rău caz limitate.  În lucrare se prezintă cazul  lipirii unor componente electronice SMD (Surface 
Mounted Devices)şi a unora convenţionale. Prin utilizarea unor fise de control s-a urmărit eliminarea surselor externe care provoacă 
defecte. Efectele utilizării acestor metode statistice sunt descrise în lucrare. 
 
Cuvinte cheie: lipire, controlul statistic al proceselor, dispersie, SMD 
 
ABSTRACT. The manufacturing processes run upon so called internal causes. These are the cause of the internal dispersion of the 
manufacturing processes. Upon manufacturing processes act also some uncontrolled factors. They are the causes of the undesired 
accidental variation of the manufacturing processes. The action of the external causes must be perception and they must be 
eliminated, or at least limited. In the paper is presented the case of soldering of electronically components SMD (Surface Mounted 
Devices) and some   conventional components. By using control charts was eliminated the external causes that generate defects. 
The effect of these statistical methods is described in the paper.  
 
Keywords: soldering, statistical process control, variation, SMD.  
 

1. INTRODUCTION 

Statistical methods, for monitoring the manu-
facturing processes, offer great possibilities for finding 
the causes that made the processes to have non-normal 
behavior. When the processes have a normal behavior, 
there is only so called internal causes, these causes will 
generate the natural dispersion of the processes, which 
usually is smaller then allowed tolerance field [1], [2]. 

If upon manufacturing processes will act and so 
called external causes, then will appear accidental 
dispersions which always are greater then allowed 
tolerance field. In these conditions the products will not 
satisfy the quality criterions.  

The statistical methods give us the tools for finding 
the moments when the external causes will act upon the 
processes. So is the possibility to look for the external 
causes which have generated the undesired dispersions. 
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Next these external causes will be eliminated or in the 
worse case them action will be restricted.  

2. CASE STUDY 

In this case study is taken an electronic board, pre-
sented in figure 1. This board has SMD (Surface 
Mounted Devices) and conventional electronic com-
ponents. The SMD components are inserting using 
SMT (Surface Mounting Technology) machine. The 
conventional components can be insert using machine 
or manual.   

 

 
 

Fig. 1. Electronic board. 

2.1. Describing the manufacturing 
process  

A conceptual manufacturing process for electronic 
board is presented in figure 2. 

SMD inserting and soldering include the phases 
presented in figure 3 . 

2.2. Paste printing of SMD    

The boards are manual load in an automatic hooper. 
From here they are taken on a conveyor to a printing 
machine. Here on the pads are putting the paste. These 
are making with the help of some knifes and a perforated 
screen. The perforated screen has apertures corres-
pondent with the pads where will be inserting SMD 
components. In figure 4,a is presented the perforated 
screen and in figure 4,b are presented the apertures.  

Over the board is putting the perforated screen and 
over it is putting a layer of paste with the help of knifes. 
In figure 5 is presented the printing head where can be 
seen knifes and perforated screen [3].  

In the printing process the board’s pads are covert 
with a thin layer of paste. In figure 6 is presented in 
detail this printing process. 

The high of the paste layer is critical for quality. It 
has a great correlation with some defects which can 
appear in soldering process. The high of the paste is 
inspected in a special place on the working line. 

 

 
 

Fig. 2. Conceptual manufacturing process. 
 

 
 

Fig. 3.  Phases of the SMD inserting and soldering. 
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a)     b) 

Fig. 4. Perforated screen with apertures.  
 

 
 

Fig. 5. Board printing . 
 

 
Fig. 6. Paste printing. 

2.3. Inserting and soldering of the SMD 
components  

After on the board’s pads are putting the paste layer 
follow the phase of inserting of electronically com-
ponents. These are inserting with the help of inserting 
machine. The inserting of components is made succes-
sively, in correlation with the size of the components. 

The SMD inserting line has three types of inserting 
machine. This are explain by diversity of the SMD com-
ponents. Several types of electronically components 
need several precision classes for insertion.  

The electronically components arrived from vendors 
in rolls or matrix. These are load in automatic feeding 
devices (AFD). In figure 7 is presented AFD of the 
inserting machine. 

 
 

Rolă cu 
componente 

SMD 

Maşină de plantat 
componente SMD

 
 DAA cu rolă 

 
 

Fig. 7. The automatic feeder device. 
 

The last is the reflow phase. In this phase the boards 
are passing through a oven. In this oven due to the 
temperature the paste is molten and so it is soldering the 
components. The reflow oven is divided in 5 zone [4]. 
Three zones are for preheating, one for reflow and one 
for cooling.  The zones of the reflow oven are presented 
in figure 8. 

 

 
 

Fig. 8. Schematic view of a reflow oven. 
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2.4. Inserting and soldering  
of the conventional electronically 
components  

After the inserting and soldering of the SMD com-
ponents, on the boards are putting the cod bar label and 
will be manually inserting the conventional electronic-
ally components. The next step is the wave soldering of 
these components. These soldering is made by a wave 
soldering machine. The machine has several zone that 
are presented in figure 9 [4]. 

 

 
 

Fig. 9. Wave soldering machine zone. 
 

The boards are putting in some soldering frame. These 
frames are used to reduce the time for setting when the 
product is change and the size of the board is different. 
The frame is load on a conveyor who transports it in the 
tin bath. The conveyor angle relative to the tin bath must 
be between 40 and 70. This is setting function of the 
different type of products. Usually the angle is 70, so is 
presented in figure 10.  

 
 

 
 

Fig. 10. the conveyor angle. 
 

The fist wave called is call tumultuous wave an it 
has the function to solder the SMD components (see 
figure 11). The second wave has function to solder 
conventional components on the board. All this process 
is made in nitrogen environment. The absence of the  
nitrogen create some defects in soldering. 

2.5. Board inspection 

The boards are wave soldering and are visual 
inspected. This inspection is made for conventional 

components. So is inspected the polarity, solder shape, 
and is inspected if the components are arise (stone tomb).  
The acceptance criteria are normalized. The incorrect 
soldering an the defects will be immediately corrected, 
if its possible, or the boards will be sent in the reaper 
shop.  

 

 

Pompe de antrenare 
cositor lichid 

Valul turbulent Valul lin Baie de 
cositor 

Sens de circulare a 
cositorului lichid 

 
 

Fig. 11. Soldering bath. 
 

The boards are also tested from electric point of 
view. The values are measured and they will be 
compared with the specifications values. For do this 
are use a testing platform which allow testing a great 
number of the components from the board.   

3. PROCESS MONITORING USING 
CONTROL CHARTS  

Like improving target has been chose the increase of 
the passing rate of the testing boards. This measure 
define  how   many boards are declare good after testing 
stage. In the first stage of improving we say that is good 
a rate of acceptance equal with 94%. 

Have been use an Individual Moving Range chart 
(I-MR) and the process has been monitoring during 
10 commands. The control chars has been built using 
statistical software MINITAB [5], the charts are pre-
sented in figure 12. 

The chars shows that the process is not in statistical 
process control. The pattern of the chart point  shows 
that there are some special cause. The mean of the 
process is 88.12 %, under the establishing level of 94%. 
Also can be seen a great mean of the dispersion 7.62%. 
For searching the special cause has been built the Pareto 
diagram. The result of this analyze is presented in 
figure 13. 
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Fig. 12. Initial control charts. 
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Fig. 13. Pareto diagram for initial case. 
 

It can be seen that 58.6% of the defects are re-
presented of three  defects, Lean APC, Shorts and C2 –
others. The testing team has inspected the platform test , 
the adaptor and the products. Has been underline the 
following aspects: 

 For “Learn APC” defect the boards have in the via 
pass some mark of the protector mask. This think ovoid 
the contact of the testing nail and so was generated a 
false declaration, that the board is not acceptable. This 
defect was corrected  by removing of the protection at 
wave soldering step, so all via passing have been filled 
with lead-tin solder.  

 For “Short” defect has been seen some shorts 
among the pins of integrated circuits that was planted by 
SMD method. The cause was the excess of the soldering 
paste in the components zone that have a distance 
between terminals of 0.5 mm. To avoid this defect has 
been command a new printing screen with less thickness 
and a reduction for components with small steps. 

 For C2-others” defect the cause was the advance 
wear of the test nail of testing device. This has been 
change with a new one. 

The capability in this stage can be seen in figure 15. 
 

 
a)                                 b) 

Fig.14. Pasing exemple: 
a – blind; b – good. 
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Fig. 15  Initial Capability. 
 

Can bee see that process is not capable. The number 
of the defects, in the case of the million of opportunities 
is 571128.47 and the capability index is Cpk = -0.09, 
that is totally improper. [6]. 

The previous graphs shows that the process is not in 
statistic control, is not capable and generates a great 
number of the defects. This situation must be improved. 

After the actions of improvement have been applied 
the process was again monitored. The control charts in 
this second stage are presented in figure 16. In figure 
16,a are presented the initial control charts, they are 
compare with the charts from figure 16,b, that are after 
application of the first trial of the improving actions. 

The process capability increase to Cpk =0.47, which 
is also to low. The process is well centered, but the 
dispersion is to high, it make the capability to be so 
small. A new Pareto analyses has been made, the result 
is presented in figure 18.   

The Pareto analyses show that main defects are: 
 The cause of APC defect is vacuum transducer. 

This is a false defect and it was removed. 
 SPX23 is a defect due to wear of the nail test, use 

for measure this component. Becauze this defect was 
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meet and in the first stage, has been decided to change 
all testing nail after 5000 testing, according with pro-
duct specifications. 

 The effect with code 74FCT162245 [D10] has like 
cause the interface destruction from the test adaptor. 
This interface has been change. 
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a)   b) 

Fig. 16. Control chars in second stage. 
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Fig. 17. Capability in second stage. 
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Fig. 18. Pareto diagram for second stage. 

After application of these all improving actions, the 
control charts of the process are presented in figure 19c. 
In figure 19 are presented all the control charts for them 
comparing. From the charts, can be observing a great 
improving for dispersion and for individual values of 
the boards passing rate. This thing has generated a 
substantial increasing of the process capability; it is 
presented in figure 20. The mean of passing rate has the 
value 19.18% and the process capability increase to 
Cpk = 2.82, a good value. 
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a)                               b)                             c) 

Fig. 19. Control charts in third stage. 
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Fig. 20. Capability in third stage. 
 

In these conditions a new attempt to improve the 
passing rate, over 98%, will increase to much the 
production costs with small increasing of passing rate 
(insignificant).  
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4. CONCLUSIONS  

During manufacturing process appear great dis-
persions from different external special causes that act 
upon the process. In order to find the moment when 
this special causes act, the process should be monitor-
ed with control charts. These are statistical tools that 
help to improve the processes. The charts mark the 
moment when external special causes act upon the 
process, but the carts cannot show witch cause are. 
The working team has the task to find the external 
special causes and to eliminate them action or in the 
worst case to limited them actions. For finding the 
most probable defects are use Pareto diagram and 
analyses. Pareto analyses can be emphasizing the 
mean defects of the manufacturing process. Then by 
using the cause-effect analyses can be find the special 

cause that act upon process and cause the mean de-
fects. By eliminate external special cause, the process 
performance can bee more improved, as has been 
sowing in this paper.     
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