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ABSTRACT: For many industrial processes, cleaning is an essential operation when it is applied to sensitive components. The paper 
describes a hydrodynamic cleaning process applied to nozzles that support a certain pressure when spraying fuel and therefore the 
cleaning process should be followed by elaboration of control chart for individual parts, in order to know the number of particles 
found in each part. In order to see the trends and to interpret the tests results, one can use the Minitab software. The results show that 
if we have appropriate control limits for this type of process, we can keep under control the cleaning process and adequately react in 
real time, to avoid the pressure problems. 
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1. INTRODUCTION  

 

The present study investigated the nozzle hydrodynamic 
cleaning, applied in order to remove contamination that is 
primarily the result of production and assembly procedures. 
Cleaning is the method of decontamination able to ensure 
removal of micro organisms from surfaces, objects or skin, and 
also the removal of dust and organic substances. 
Proper application of methods of cleaning surfaces, objects and 
equipment decontamination can remove about 95-98% of 
contaminant agents, being very close to that obtained by 
disinfection. The cleaning activity is acting on all micro 
organisms [1]. 
By washing powders and organic substances are removed. 
Physical methods are based on physical properties of 
substances and physical processes (dissolving, melting, boiling, 
evaporation, sublimation, etc.). 
Chemical methods are based on chemical reactions, oxidation-
reduction, combination and decomposition, thus removing 
some toxic substances less toxic, soluble and insoluble in other 
substances [2, 4]. 
Methods used to assess the level of cleaning (extraction, 
analysis and expression of results) can be found in the standard 
ISO 16232. 
Cleaning methods (ultrasonic bath, rinsing), cleaning liquids 
(water, alcohol), cleaning fluid volume and other parameters 
are parts of the evaluation of the production process in relation 
to strict specifications [2, 4]. 
Cleaning fluid is then passed through a filter which retains 
residual particles. The type of filter (Cellulose, Teflon, 
polyester) could have a certain influence on the number and 
size of captured particles. 
Some authors like Wright in the paper “Managing wash lines 

by statistical process control “, use statistical methods in order 
to manage wash lines by process statistical control. The method 
tracks reagent concentration, work load and soils loading, in 
order to determine replenishment rates and when to dump 
process baths, to minimize consumption of chemical reagent 
while maintaining the effective cleaning [3].   

Wright showed [3] that “An understanding of cause-and-effect 
relationships between factors and the process output is essential 
for any successful use of statistical methods. By understanding 
and charting the most relevant factors, it was possible to make 
substantial improvements in efficiency, quality, and prevent 
unplanned downtime“. 
After applying the cleaning process, the filter is dried and one 
of the methods mentioned afterwards is used in order to 
determine the level of cleanliness. 
Two methods for evaluation of cleanliness level are described 
in table 1 [5]. 
 

Table 1.  Methods for evaluation of the cleanliness level [5] 
                                                                   

Method Information 

Gravimetry (weighing) Weight per analysis 

Microscopic counting 
Particle distribution, largest 
particles, metal - non-metal 
content 

 
Gravimetric testing will tell us how much contaminant is left 
on the part. This involves filtering a contaminated sample 
through control filter [15]. 
Any change in the weight of the bottom filter is then applied as 
a correction to the weight of contaminant [15]. 
A standardization of the quality requirements for cleaned 
surfaces regarding the additional processes (e.g. coating, heat 
treatment) or from the point of view of technical functionality 
was considered as difficult [6, 12]. 
In Germany it was attempted to define cleaning as a 
subcategory of metal treatment (DIN 8592: Cleaning as a 
subcategory of cutting processes), but this does not cope with 
all the complexities of cleaning [6, 8, 12, 14]. 
The standard VDA 19/ISO 16232: Road Vehicles – Cleanliness 
of Components of Fluid Circuits was developed in order to 
describe methods that can control the compliance with the 

cleanliness requirements [13]. 
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A good spray of fuel will provide a better engine operation. But 
if the nozzle is dirty or has damaged seals, the nozzle will not 
be as effective as a clean unit [12]. 
Authors like Kurt Hertlein [9] and John Durkee [10] described 
in the maximum allowed dirt and soils removed; the table 2 

include some information concerning their opinions about the 
classification of the cleaning methods. 
It has become increasingly important that the degree of 
mechanical cleaning is respected in the supply chain in 
manufacturing [16]. 

 
Table 2. Classification of cleaning processes ( processed after [ 9, 10] )

 
Terms Maximum allowed dirt Soils removed Observations 

Intermediate cleaning   in metal cutting manufacturing 

Final cleaning ≤ 500 mg/m² Mil-sized particles and residues 

thicker than a monoplayer 

before assembling or coating 

Parts for phosphating, painting, 

enamelling 

500 - ≤ 5 mg C / m²   

Parts for case-hardening, 

nitriding, nitro carburising 

resp. vacuum treatment 

500 - ≤ 5 mg C / m²   

Parts for electroplating, 

electronic parts 

20 - ≤ 5 mg C / m²   

Precision cleaning ≤ 50 mg/m² Supermicrometre particles and 

residues thinner than a 

monolayer 

control environment 

Critical cleaning ≤ 5 mg/m² Sub-micrometre particles and  

non-volatile residue measured 

in Angstroms 

cleanroom 

 
In order to analyze and interpret the obtained values from 
cleaning process control chart for individual values and 
Minitab statistical software could be used. 
The control chart is a running record of a process and it tells us 
when the process runs smoothly and when it needs 
supplementary attention [11, 7]. 
The control chart is defined by two main elements: 

- central line - representing the average measurement; 
- two line limits, corresponding to upper and lower 

control limits. 
 

 

2. CASE STUDY 

 

One can take into consideration the case of a company which 
assembles nozzles - tubular parts used for pressure regulation 
and fluid-flow velocity control on parts received from various 
suppliers.  
In order to meet the customer specification regarding 
mechanical purity in terms of the nozzle, statistical verification 
was required of each batch of products received, to not create 
pressure problems during the operation of respective parts. 
The part that will be analyzed is presented in figure 1.  
 

 
                         Figure 1. The  nozzle 
 
 
Nozzle body and needle are made of high quality steel, and 
some their dimensions are machined respecting tolerances of 
about 0.002 - 0.003 mm. Therefore, these parts can only be 
replaced together.  
Depending on the engine, nozzle body has many thin holes. 
Number of holes is between 5 (in case of the cars) and 14 (in 
case of high power engines) and their diameters varie between  
0.15 mm (cars) and 0.4 mm (trucks). Number, inclination 
angle, size and flow conditions could significantly affect the 
spray jet. 
The purpose of this work is to highlight the importance of 
analysis and keeping under control the number of particles 
located in the nozzle, by means of statistical quality control. 
This process of controlling the number of particles starts at the 
entrance in the enterprise, where somebody must decide to 
collect parts in a given time interval. 
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After taking the pieces, they go strictly sealed to the cleaning 
laboratory, where one uses an equipment type Pal Cabinet, in 
order to wash the parts with a volatile solvent and remove the 
impurities from the surfaces of the part.  
The equipment Pal Cabinet ensures a controlled environment 
for measuring the cleaning [17]. 
Checking the part is done by using liquid rinse pressure 
techniques, by means of a pistol grip nozzle. 
The volatile solvent is used so that it can evaporate and not 
leave marks on the piece. 
The liquid obtained after cleaning action is initially passed 
through filter paper and then we can determine the number and 
the size of particles by means of a microscope type JOMESA. 
Paper depth filter is a filter whose efficiency is influenced by a 
complex of features [5]: 
• retention particle mechanics; 
• absorption capacity; 
• thickness; 
• stiffness; 
• density; 
• the amount of filtered particles etc. 

 
Figure 2. JOMESA microscope [5] 

 
Having this information and a brief description of the process, 
one can proceed to analyze the measured data from tightening 

values. 
The values that we manage to collect can be seen on the image 
control chart. 
 
 

 
 
Figure 3. Control chart for individual values of the maximum 

number of particles in the nozzle. 
 
 
It is well known that each part comes from the client with 
certain specifications which are required to be respected, so 

that the measured values must be placed between the limit 
specifications. 
Usually, the process specifications should not appear on a 
control chart.  
One must take into consideration that these specifications 
cannot show whether a process is stable / in control or not.  
The diagram is a very good instrument by which one can 
observe scattering / dispersion of the measured data.  
It is recommended to not put the engineering specifications on 
the Control Chart. 
The dot plot is a good way to show the spreading of the data 
relative to the engineering specification.  
In accordance with the content of the chart from figure 5, we 
can see that the limit control is greater than the specification 
required for the process, so we can ask why the control limits 
are larger than specification. 
 
 

 
                           

Figure 4. Dot Plot for the measured data 
 
 

 
         
            Figure 5. Dot Plot for the data – Question 1 
 
 
Control Limits are determined by the capability of your 
process.  
It is important to know that control limits show when the 
investigated product is out of the valid specifications.  
It is necessary to use other approaches to establish why parts 
are out of specifications. 
When we analyze the number of particles found in a part, we 
must take into consideration that the number or particles needs 
to tend to zero.  
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Then, a new question might be considered, namely why the 
lower limit is set to 0 and if we do care whether we get points 
below the Lower Control Limit. 
Control Limits show where the process ordinarily tends to run.  
Control Limits are considered in order to signalize process 
changes, when points found below the Lower Limit. 
 

 
     

Figure 6. Dot Plot for the data – Question 2 
 
 
In a process like the cleaning process, it often signalizes a 
failure in the inspection system.  
 
 

 
            
           Figure 7. Dot Plot for the data – Question 3 
 
The Control Chart can be used as an “Early Warning System”. 
The average line on the chart is used to detect trends, cycles, 
and some process shifts before one get a point above the Upper 
Control Limit.  
It is necessary always to place an average line on each Control 
Chart.  
 

3. CONCLUSIONS 

 

In specialty literature, there is relatively few information 
accessible about the hydrodynamic cleaning process. In 
essence, such a process involves washing parts with a liquid 
solvent, in order to remove impurities and printing them on 
paper filter. 

In relation to the purpose and way of using the parts, the 
number and size of impurities / particles must fit within certain 
limits. 
In many industrial processes, parts cleaning processes are 
essential to protect sensitive components, so as, in our case, 
the nozzle is. 
Thus the present paper tries to show that: 
- the use of statistical control charts for mechanical 

cleaning processes can be very helpful, when it is applied 
in order to keep under control the number of particles; 

- for statistical methods, it is absolutely necessary to 
understand the causes and the effects relationship between 
inputs factors and the process development; 

- the control diagrams could show us if the specifications 
and limits are set correctly. 
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