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 When a traverse net is in a tense position, the angles measured between the 
directions observed at the traverse points are close to 200g. If the angles measured 
between the directions observed at the traverse points are around 100g or 300g, 
this indicates that the net is not in a tight manner. In both the Large-Scale Map and 
Map Information Production Regulation and the 1/2500 Large Scale Map 
Production Regulation, which was abolished, the traverse nets created must be 
stretched. In the event that the net is disturbed for compulsory reasons, there is no 
problem in the coordinate calculation of the traverse unless a rough error is made 
in the size of the edge and angle. However, if a rough error is made in the angle or 
edge dimension on a non-taut traverse net, is it possible to determine the point 
where the rough faulty edge or rough faulty angle is measured with the taught 
rules? Whether this is possible or not was investigated in this study. In this study, 
theoretical information on the subject has been given and practical studies have 
been done. Findings and opinions obtained as a result of the study are stated.   

 
 
 
1. Introduction  
 

When a traverse net is in a taut position, the angles measured between the directions observed at the 
traverse points are close to 200g. If the angles measured between the directions observed at the traverse points 
are around 100 g or 300 g, this indicates that the net is not in a taut manner. A limitation has been imposed on the 
length of the net in order to ensure tautness in the traverse nets both in the Large-Scale Map and Map 
Information Production Regulation and in the abolished Large-Scale Map and Map Information Production 
Regulation. 

For the total length of the traverse net, it must not exceed 1.5 times the length between the start and end 
points of the net. The formulas developed for the investigation of the coarse faulty edge and coarse faulty angle 
in the polygon [1-7] were developed for taut nets. 

In practice, sometimes there are cases where the above requirement for taut nets cannot be fulfilled due to 
terrain conditions. A question may come to mind. What harm can it be to create a non-taut traverse net with a 
rough faulty edge or a faulty angle to the rough, in case of necessity. In such cases, if the angles and edges of the 
traverse are measured more carefully, there will be no abnormal situation in traverse coordinate calculations. 
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However, if a rough error is made in the edge size or angle measurement on a non-taut traverse net, how long 
are the rules for investigating the rough error in taut nets. 

In a study conducted on this subject [3], information was obtained about the investigation of the rough 
defective edge on a non-taut traverse net, but a study on the investigation of the rough defective angle on a non-
taut traverse net was not found in the literature [8-17]. 

This study was carried out in order to explain the situations that occurred during the investigation of a rough 
error in the edge size of a non-taut traverse net and to investigate the effects of a rough error in the angle size on 
this specified net. Theoretical information on the subject has been given and practical studies have been made, 
and the findings and opinions obtained as a result of the study have been stated. 
 

2. The effect of a non-taut traverse net shape on the investigation of a roughly faulty edge 
 

A coarse faulty edge on a taut traverse net may have been measured longer or shorter than its exact value. In 
the investigation of rough faulty edge on the traverse net; It is first investigated whether the rough faulty edge is 
measured longer or shorter than its exact value. 

In Figure 1; 
 

[ΔY] = ΔY1 + ΔY2 +……….. + ΔYn (1) 

 
[ΔX] = ΔX1 + ΔX2 +………. + ΔXn (2) 

 
𝛥𝑌̅̅ ̅̅ = 𝑌𝐶 − 𝑌𝐵  (3) 

 
∆𝑋̅̅ ̅̅ = 𝑋𝐶 − 𝑋𝐵 (4) 

 
𝐵𝐶̅̅ ̅̅ ’ = √([∆𝑌]2 + [∆𝑋]2) (5) 

 
𝐵𝐶̅̅ ̅̅ ’’ = √([∆𝑌]2 + [∆𝑋]2) (6) 

 

𝐵𝐶̅̅ ̅̅ = √(∆𝑌̅̅̅̅ 2 + ∆𝑋̅̅ ̅̅ 2) (7) 

 
fy = 𝛥𝑌̅̅ ̅̅ −  [ΔY] (8) 

 
fx =∆𝑋̅̅ ̅̅ − [ΔX] (9) 

 
𝐵𝐶̅̅ ̅̅ ’>𝐵𝐶̅̅ ̅̅   if the coarse faulty edge is measured longer than its absolute value, 
𝐵𝐶̅̅ ̅̅ ’’<𝐵𝐶̅̅ ̅̅   if the rough edge is measured shorter than the absolute value. 

 

 
Figure 1. Schematic view of 𝐵𝐶̅̅ ̅̅ , 𝐵𝐶̅̅ ̅̅ ′  and 𝐵𝐶̅̅ ̅̅ ′′  in the form of a taut traverse net. 
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After determining the condition of the rough faulty edge, to find the approximate bearing angle of the rough 
faulty edge: 

 (CC’) = arc tan (
−𝑓𝑦

−𝑓𝑥
)   (10) 

 
If the coarse faulty edge is measured longer than its absolute value, the following equation is applied. 
 

 (CC’) = arc tan (
−𝑓𝑦

−𝑓𝑥
), (C’’C) = arc tan (

𝑓𝑦

𝑓𝑥
) (11) 

 
If the coarse faulty edge is measured shorter than its exact value (C''C) = arc tan (fy / fx) (11) relation applies 

[3].  
If the bearing angle calculated from Equation (10) or (11) is approximately equal to the bearing angle of 

which edge in the polygon coordinate calculation chart, that edge is the rough faulty edge. If the shape of the 
traverse net is not taut and the rough error is made at the edge where the net tautness is distorted the most 
(Figure 2), the following situations are seen in the rough error edge investigation: 

 
1-When the effect of an edge measured longer than its absolute value with coarse errors, on the (C) position 
of the end point of the net is examined, it should be 𝐵𝐶̅̅ ̅̅ ’>𝐵𝐶̅̅ ̅̅ , while  𝐵𝐶̅̅ ̅̅̅’<𝐵𝐶̅̅ ̅̅  situation is encountered. 
2-When the effect of an edge measured shorter than its absolute value with rough error on the position (C) of 
the end point of the net is examined, it should be 𝐵𝐶̅̅ ̅̅ ’’<𝐵𝐶,̅̅ ̅̅̅   while  𝐵𝐶̅̅ ̅̅̅’>𝐵𝐶̅̅ ̅̅  situation is encountered. 
 

 
Figure 2. The effect of a rough error on an edge that deviates significantly according to the direction of the route 

on the position of the end point of the net (Schematic view of (𝐵𝐶̅̅ ̅̅  ,  𝐵𝐶̅̅ ̅̅̅′ 𝑎𝑛𝑑 𝐵𝐶̅̅ ̅̅ ′′) 
 
If the shape of the traverse net is not taut and the rough error is made at an edge where the net tautness is 

not disturbed (Figure 3), the effect of this rough error on the position of the end point of the net is similar to that 
of the taut net. 

In other words, if the coarse faulty edge is measured longer than its exact value, BC '> BC 'condition and if the 
coarse faulty edge is measured shorter than its absolute value, BC’' <BC condition is in question. 

In Figure 3; The district obtained by Equations (10) or (11) because a misleading situation is encountered as 
𝐵𝐶̅̅ ̅̅ ’’>𝐵𝐶̅̅ ̅̅  or 𝐵𝐶̅̅ ̅̅ ’>𝐵𝐶̅̅ ̅̅    even though the rough error edge is measured longer or shorter than the absolute value 
angle will not reflect the actual situation. 

In other words, it will not be possible to reach a definite conclusion from the provisions stated in the rough 
error edge search for taut traverse nets [3]. In this case, the measure of all sides on the traverse net will be 
repeated. 
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Figure 3. The effect of a rough error on an edge of the net that does not deviate significantly according to the 

direction of the net on the position of the end point of the net (Schematic view of  𝐵𝐶̅̅ ̅̅̅ ,  𝐵𝐶̅̅ ̅̅̅′ 𝑎𝑛𝑑 𝐵𝐶̅̅ ̅̅ ′′ ) 
 

3. The effect of a non -taut traverse net shape on the investigation of a roughly incorrect angle 
 

In the graphical investigation of a rough error in angle measurement in a taut traverse net, the traverse points 
on the net are drawn on a plan according to their coordinates according to a determined scale. In the created 
plan, the middle perpendicular of the line, which combines the real position of the point where the traverse net is 
connected and its erroneous position, passes through the point where the wrong angle to the rough is measured 
[1], (Figure 4). 
 

 
Figure 4. Graphically investigating the point where a rough erroneous angle is measured on the taut traverse 

net. 
The following equations are applied in the investigation of the point where the rough angle is measured with 

the one-way calculation method. 
 

 YM= 
YC+YC

′

2
,    XM=

XC+XC
′

2
 (12) 

 
δ = Angle-closing error exceeding the error limit to be 
 

 YP=YM - 0.5 ∗
(XC

′ −XC)

tan(
δ

2
)

 (13) 
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 XP=XM+0.5 ∗
(YC

′ −YC)

tan(
δ

2
)

 (14) 

 
The YP and XP values calculated from the Equations (13) and (14) are compared with the coordinate values 

calculated in the polygon coordinate spreadsheet. The coordinate of which point in the polygon spreadsheet is 
approximately equal to the value of YP and XP, the point where the rough angle is measured is that point. In the 
graphical detection of the rough error made in the angle measurement in a polygon on a non-taut traverse net, 
the following situation occurs in the above-mentioned plan. In this case, the middle perpendicular of the line that 
combines the real position of the point where the net is connected and its erroneous position does not pass 
through the point where the rough angle is measured (Figure 5). That is, in this case, it is not certain as in the 
taut net, the specified middle strut passes as shifted from the rough wrong point. 
 

 
Figure 5. Graphically investigating the point where a rough erroneous angle is measured in the non-taut 

traverse net. 
 

In this case, the YP, XP coordinates obtained by the one-way calculation method are not very close to any of 
the coordinates calculated in the polygon coordinate spreadsheet. In this case, it will be necessary to use the only 
solution, two-way calculation method in investigating the gross error. 
 

4. Numerical application 
 
4.1. Applications related to coarse faulty edge investigation 

 
In reality, a traverse net is taken into account, with angle measurements and edge dimensions without rough 

error and non-taut. It has been determined according to the formulas given below that the angle closure error, 
transverse closing error and longitudinal closing error do not exceed their error limits. In this given net (Figure 
6), it was assumed that the two edges shown as an example were measured as longer and shorter than the exact 
value, and a rough faulty edge investigation was made. 
 
Traverse angles; 
βB=152.1790 β1=224.3075, β2=375.7624, β3=45.8265, βC=242.3288,   
Bearing angles: 
(AB)= 125.3843 and (CD)= 165.7744  
Traverse edges: 
S1 =320.50 m, S2=350.36, S3=180.65, S4=345.86 
YB= 29650.52m, XB=30584.92, YC=30454.48, XC=30498.66 
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Figure 6. Graphically investigating the point where a rough erroneous angle is measured in the non-taut 

traverse net. 
 
 

Table 1. Traverse coordinate spreadsheet with roughly accurate measurements. 
Point 

Number 
Traverse 
Angle (β)  

Bearing    Angle Edge Y 
ΔY 

X 
ΔX 

A 
 

B 

 
 -28cc 

152.1790 

 
125.3843 

 29650.52  
30584.92 

 
 
 

P.1 

 

-28cc 
224.3075 

 
77.5605 

 
320.50 

-3 
300.80 

-2 
110.64 

    

 
 

P.2 

 
-28cc 

375.7624 

 
101.8652 

 
350.36 

-3 
350.21 

-2 
10.26 

    

 
 

P.3 

 
-28cc 

45.8265 

 
277.6248 

 
180.65 

-169.61 -2 
-62.19 

    

 
 

C 

 
-29cc 

242.3288 

 
123.4485 

 
345.86 

-3 
322.66 

-2 
-124.53 

  30454.48 4382.63 
30498.66 

 
 

D 

 165.7744 [S]=687.15 
= 803.96 

[ΔY]=804.06 
=-86.26 

[ΔX]=-86.34 -165.7885 

(AB)+[β]= 1165.7885 
n*200=  -1000.0000 

(CD)’=165.7885 

fβ=-0.0141 141/5=28 
+1 

fy=-0.10 fx=-0.08 

Controls 

Fβmax =1c + .(n-1).  =2.12c 
S= =268.32 m 

fS= = 

=0.153m 

FQ=0.06 + 0.00007.S + 0.007.n. =0.17m 

FL=0.06 + 0.00015.S + 0.004. =0.23m 

fQ= .(fy.[ Δ X]-fx.[ Δ Y]) =0.15m 

fL= .(fy.[ Δ Y]-fx.[ Δ X]) =0.04 

 
 
Numerical Application 1: Suppose that in Figure 6, which is actually without rough error, 300.40m is measured 
as shorter than the exact value of 12 edges (350.36 m). 
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 Solution 1: 
 
ΔY1=300.40*sin101.8652=300.27m,  
ΔX1=300.40*cos101.8652=-8.80m 
[ΔY]=300.80+300.27-169.61+322.66=754.12m 
[ΔX]=110.64-8.80-62.19-124.53=-84.88m 
fy=803.96-754.12 =49.84m, fx=-86.26-(-84.88) = -1.38m 
 

BC= =808.574m, BC’= =758.882 m   
 
BC '<BC condition is in question. 
 

(C’’C) =200-arctan =101.7623, C’’C= =49.86m 
 

For the test, the approximate bearing angle value of the edge, which was taken deliberately short from its 
exact value, was obtained. In this non-taut net, the difference of ± 200g of the calculated (C''C) bearing angle is 
not approximately equal to the bearing angle of the edge of the net (277g.6248 in Chart 1) that makes a 
significant deviation in the direction of the net. For this reason, the rough error should be investigated on the 
edge, which is approximately equal to the bearing angle (CC'). 
 
Numerical Application 2: Suppose in Figure 6, which is actually without rough error, 23 edges are measured 
210.65 m longer than its exact value. 
 
Solution 2: 
 
ΔY3 =210.65*sin277.6248=-197.77 m,  
ΔX3 =210.65*cos277.6248=-72.52 m 
[ΔY]=300.80+350.21-197.77+322.66=775.90 m 
[ΔX]=110.64-10.26-72.52-124.53=-96.67m 
fy=803.96-775.90 =28.16m, fx=-86.26-(-96.67) = 10.33 m 
 

BC= =808.574m, BC’=  = 781.899 m  
   
BC '<BC condition is in question.  
 

(C’’C) =arctan =77.6170, C’’C=  = 29.995 m 
 

Since (B1) is '(CC'), it is decided that the wrong edge is the B1 edge. However, if there was a taut net, it would 
have been BC '> BC and therefore (CC') = 277.6170. In this non-taut net, it is seen that the ± 200g difference of 
the (CC') bearing angle is approximately equal to the bearing angle (277g.6248) of the edge of the net, which 
deviates significantly according to the calculation direction in the study in Chart 1. In this case, it will be 
necessary to repeat the measurement of edge 23 as the rough faulty edge and edge B1 for checking. 
 
4.2. Applications of coarse faulty angle survey 
 

In reality, a traverse net is taken into account, with angle measurements and edge dimensions without rough 
error and non-taut. It has been determined according to the formulas given below that the angle closure error, 
transverse closing error and longitudinal closing error do not exceed their error limits. In this given net (Figure 
7), it was assumed that the angle at the one point shown as an example was measured in error to the rough, and 
the investigation of the rough incorrect angle was carried out using the one-way calculation method. 
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Figure 7. A non-taut traverse net 

 
Traverse angles: βB=165.2250, β1=65.6672, β2=353.2789, β3=2861350, β4=165.3614, βC=301.4250   
Traverse edges: S1 =105.18 m, S2=120.50, S3=130.42, S4=115.42, S5=150.62 m 
YB= 2000.00 m, XB=2000.00, YC=2221.60, XC=1809.76 m 
 

Table 2. Polygon coordinate calculation chart. 
Point 

Number 
(β) 

Traverse Angle 
Bearing Angle Edge 

Y 
ΔY 

X 
ΔX 

A 
 

B 

-32 
65.2250 

 
136.3740  

 
2000.00 

 
2000.00 

 

 
P.1 

-32 
5.6672 

101.5958 105.18 105.15 
-1 

-2.64 

  2105.15 1997.35 

 
P.2 

353.2789 
367.2598 120.50 

+1 
-59.28 

-1                 
104.91 

  2045.88 2102.25 

 
P.3 

-33                                                 
286.1350 

120.5365 130.42 
+1 

123.69 
-1 

-41.35 

  2169.58 2060.89 

P.4 
-33 

65.3614 

206.6682 115.42 
+1 

-12.07 
-1 

-114.79 

  2157.52 1946.09 

 
C 

 
-33 

301.4250 

172.0263 150.62 
+1 

64.07 
-2 

-136.31 

  2221.60 1809.76 

 
 

D 

1473.4665 
1200.0000 

273.4470 
[S]=687.15 = 221.60 

[ΔY]=221.56 
=-190.25 

[ΔX]=-190.19 -273.4665 

  δ=-0.0195  fy=0.04 fx=-0.06 

 
 
The net tautness condition specified in the New Large-Scale Map and Map Information Production Regulation is 
examined according to the following correlations. 

BC=√(221.602 + 190.252)=292.06 m 
[S]=687.15<1.5*BC=438.10 
Since [S]>1.5 * BC at the end of the calculation, this traverse net is non taut since the required [S] <1.5 * BC 
condition is not met. 
 
Numerical Application 3: Suppose that, from the data in Figure 6, the angle at the P3 point, which is actually 
without rough error, is measured as 286.6350. 
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Solution 3: 
 

Table 3. Coordinate Spreadsheet of a traverse net that is not in a tight shape 

 

The closest value to the calculated YP value is 2167.94 m in the traverse coordinate spreadsheet and the 
closest value to the XP value is 2059.97 m. In this case, the point where the rough angle is measured is the P.3 
point. Although there is little between the X value and the XP values of the coarse error point P.3, the difference 
between the Y value and the YP values is 2.52 m. 
 

Numerical Application 4: Suppose that, from the data in Figure 6, the angle at the P3 point, which is actually 
without rough error, is measured as 287.1350. 
 

Solution 4: The coordinates obtained as a result of the calculation are shown in Table 4. 
 

Table 4. Coordinate Spreadsheet of a non-taut traverse net 

Point Number 
(β) 

Traverse Angle 
Bearing Angle Edge  

Y 
ΔY 

X 
ΔX 

A 
 

B 

 
165.2250 

 
136.3740  

 
 

2000.00 

 
 

2000.00  

 
P.1 

 

65.6672 

101.5990 105.18 105.15 -2.64 

  2105.15 1997.36 

 
P.2 

 
353.2789 

367.2662 120.50 -59.26 104.92 

  2045.89 2102.28 

 
P.3 

 
286.0350 

120.5451 130.42 123.69 -41.36 

  2169.58 2060.92 

P.4 165.3614 
206.5801 115.42 -11.91 -  114.80 

  2157.67 1946.12 

 
C 

 
301.4250 

171.9415 150.62 64.26 -136.23 

  2221.60 1809.76 

 
 

D 

1473.4665 
1200.0000 

273.4470 [S]=687.15 
2221.93 

 
1809.89 

-273.3665  YM=(2221.60+2211.98)/2=2221.765 
XM=(1809.76+1807.35)/2=1809.825 

  δ=1.0805 
YP=YM-0.5*(XC’-XC)/tan(δ/2)=2214.11 m 
XP=XM+0.5*(YC’-YC)/tan(δ/2)=1829.27m.  

 

Point 
Number 

(β) 
Traverse Angle 

Bearing Angle Edge 
Y 

ΔY 
X 

ΔX 
A 
 

B 

 
165.2250 

 
136.3740  

 
 

2000.00 

 
 

2000.00  

 
P.1 

 
65.6672 

101.5990 105.18 105.15 -2.64 

  2105.15 1997.36 

 
P.2 

 
353.2789 

367.2662 120.50 -59.26 104.92 

  2045.89 2102.28 

 
P.3 

 
287.6350 

120.5451 130.42 123.69 -41.36 

  2169.58 2060.92 

P.4 165.3614 
208.1801 115.42 -14.79 - 114.47 

  2154.79 1946.45 

 
C 

 
301.4250 

173.5415 150.62 60.81 -137.80 

  2221.60 1809.76 

 
 

D 

1473.4665 
1200.0000 

273.4470 [S]=687.15 
2215.60 

 
1808.65 

-273.9665  YM=(2221.60+2211.98)/2=2218.60 
XM=(1809.76+1807.35)/2=1809.205 

 δ=-0.5195 
YP=YM-0.5*(XC’-XC)/tan(δ/2)=2172. 10 m 
XP=XM+0.5*(YC’-YC)/tan(δ/2)=2060.57m  
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The closest value to the calculated YP value is 2167.94 m in the polygon coordinate spreadsheet and the 
closest value to the XP value is 2059.97 m. In this case, the point where the rough angle is measured is the P.3 
point. The difference between the X value and the XP values of the coarse faulty point P.3 is very large (231.65) 
and the difference between the Y value and the YP values is 44.53 m. 
 
5. Discussion  
 

For the research, the correct coordinates of a point, whose polygon angle was deliberately taken to the grid, 
and the coordinates obtained from the Equations (13) and (14) were examined. In the examination, a variation 
curve shown in Figure 7 for dy values according to δ rough error angle value and a change curve seen in Figure 8 
for dx values were obtained. When the figures were examined carefully, it was seen that dy and dx errors 
occurring at small values of δ ‘were at the maximum value. 
 

 
Figure 7. dy values according to δ rough error angle value 

 

 
Figure 8. dx values according to δ rough error angle value 

 
 
6. Results 
 

• If a rough error is made on an edge that does not deviate significantly from the direction of the net on a non-
taut traverse net, it is possible to detect the rough error by applying the rules specified in the investigation of 
the rough faulty edge in taut net. 

• In a non-taut traverse net, if a rough error is made on an edge that deviates significantly from the direction of 
the net, it is not possible to detect the rough error by applying the rules specified in the investigation of the 
rough faulty edge in taut nets. 

• This situation can be explained better by the following equations. On a net from B to C, 

• BC=√(∆𝑌𝐵𝐶
2 + ∆𝑋𝐵𝐶

2 ) , BC’=√(⟦∆𝑌   ⟧2 + ⟦∆𝑋⟧2) If the coarse is measured longer than the edge absolute value, 
BC'> BC should be the misleading BC' <BC condition. 
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• Similarly, if the coarse faulty edge is measured shorter than its precise value, BC'' <BC should be BC''> BC 
misleading situation is encountered. 

• In this case, since it is not known on which edge the coarse faulty edge was measured, it will be necessary to 
investigate the faulty edge on many sides of the net. 

• In a non-taut traverse net, if there is a rough error in the angle of an angle at a point that deviates or does not 
significantly deviate from the direction of the net, it is difficult to determine the rough defective point by 
applying the rules specified in the investigation of the rough defective angle on the taut nets. 

• In the research, differences of up to ± 200 m were observed between the exact coordinates of the coarse 
error point and the coordinate values calculated by Equations (13) and (14). In this case, the bidirectional 
traverse coordinate calculation method should be applied to reveal the rough error point. 

• If it is necessary to create a non-taut traverse net, great care should be taken when measuring the traverse 
angles and edges in order to avoid the above-mentioned situations. 
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 In this work, a CuAlMnNi shape memory alloy with a novel composition was fabricated 
as cast ingot by arc melting process under vacuum. The specimens of the alloy were 
prepared by cutting the casted ingot alloy into small pieces. After then, all of the alloy 
samples were homogenized in high temperature β-phase region and then rapidly cooled 
by quenching them in iced-brine water in order to form martensite structure i.e., to bring 
shape memory property to the alloy. Then a batch of thermal and structural tests was 
carried out in order to probe shape memory effect characteristics of the CuAlMnNi alloy. 
By the differential scanning calorimetry (DSC) tests which were taken back-to-back at 
varied heating/cooling rates, the solid-solid martensitic phase transformation peaks that 
appeared on the DSC thermograms of the alloy during cyclic heating and cooling 
processes of the alloy were observed as an evidence for the entity of the shape memory 
effect property that exists in the alloy. The transformation temperatures of the alloy were 
slightly changed with the heating/cooling rate changed. By making DSC peak analyses, it 
is determined that the martensite and austenite phases averagely start to form at ~36 °C 
and ~64 °C, respectively. Some other transformational kinetic parameters of the alloy 
were also calculated. Moreover, an Af temperature lag occurred at the high 
heating/cooling rate of 35 °C/min, which happened mainly because of that rapid heating 
rate that causes the temperature signal of the DSC pan hits to the DSC detector before the 
signal of the alloy sample in the pan does. The differential thermal analysis (DTA) test 
that was run at a single heating rate demonstrated that the thermal responsive behavior 
of the alloy in the high temperature β-phase region matched the common behavior of Cu-
Al based memory alloys. By performing room temperature EDS analysis, the composition 
of the alloy was determined. The X-ray diffraction (XRD) test performed at room 
temperature showed the β1’ and dominant γ1’ martensite forms that formed in the alloy 
and this formation was theoretically also supported by calculating the average valence 
electron concentration per atom (e/a) value of the alloy. 

 
 
 

1. Introduction  
 

In the research area of shape memory alloys (SMAs), a class of smart materials family, the cost-effective Cu-
based shape memory alloys (e.g., CuAlMn, CuAlNi, CuZnAl SMAs) are regarded as the second-best SMAs after the 
most commercial and superior but far more expensive NiTi SMAs [1-3]. Therefore, the research done to study, 
change or improve the SMA properties of the Cu-based SMAs is one of the crowd-pulling research subjects in the 
research area of SMAs.  

Although Cu-based SMAs have better thermal and electrical conductivity characteristics than those NiTi ones 
[3, 4], they have weaker shape memory effect (SME) properties and poor thermal stability and they also suffer 
from their brittleness that causes problems in their cold-working processes [4-7]. There are some ways 
researchers use to decrease brittleness and improve ductility and shape memory properties of the binary Cu-based 

http://publish.mersin.edu.tr/index.php/ades
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alloys (especially Cu-Al). One of them is to add extra one or more alloying elements (also called as grain refining 
elements) such as Mn, Fe, Cr, Co, Ti, Ni, Cr, B, Mg, Ce, Be etc. [1, 2, 5, 7-9]. 

The chemical composition and adding elements have also strong effects on the transformation temperatures 
of SMAs. The transformation temperatures and transformational kinetic parameters of a SMA are exceedingly 
dependent on its alloying composition. Even minor changes in composition lead to large variations of 
transformation temperatures. The demanded transformation temperatures for different specific applications of 
SMAs therefore can be met by SMAs with different compositions [9]. 

In this work, an experimental research study on an arc melted quaternary CuAlMnNi shape memory alloy with 
a novel composition and transformation temperatures are presented. The shape memory properties of the 
produced alloy were demonstrated by performing some thermal and microstructural measurements including 
DSC, DTA, and XRD. 
 

2. Method 
 

The CuAlMnNi SMA with a novel composition of 82Cu-12.5Al-4.5Mn-1Ni wt% (or 69.65Cu-25.01Al-4.42Mn-
0.92Ni at%) was fabricated by arc melting method under argon plasma. At the beginning of the fabrication process, 
at first, the high purity (%99.99) metal elements of Cu, Al, Mn, and Ni powders were mixed, and then the powder 
mixture was pelletized under pressure. The obtained small pellets were together melted in arc melter and the as 
cast ingot alloy was obtained. Then small alloy samples proper for the measurements were prepared by cutting 
this ingot alloy. To install shape memory effect property into the alloy samples, all of them were together heat-
treated in a furnace at 900 °C for 1 h for crystallographic homogenization, and at the end of this homogenization, 
they were immediately quenched in iced-brine water which is used as a frequent quenching method. By doing this 
rapid cooling from a high β-phase temperature region, the hypoeutectoid precipitations that would normally form 
by slow coolings are surpassed and therefore the martensite phase is forced to form in the alloy samples which is 
the base of shape memory properties. By using a Shimadzu 60A label DSC equipment, the DSC tests were taken 
under 10, 15, 20, 25 and 30 °C/min of heating/cooling rates between room temperature and 150 °C under a 
constant argon gas flow of 100 ml/min. The DTA test was performed under the same gas flow at a single 25 °C/min 
of heating rate from room temperature to 900 °C by using a Shimadzu DTG-60AH instrument. A Zeiss Evo MA10 
model EDX instrument was used to determine the alloy composition under room conditions. The X-ray diffraction 
(XRD) test by using CuKα radiation was taken also at room temperature via using a Rigaku RadB-DMAX II 
diffractometer to reveal the diffraction planes of the martensite phases at room temperature. 
 

3. Results  
 

For all of the DSC heating/cooling rates, the multiple DSC heating/cooling running cycles of the produced 
CuAlMnNi SMA which were originally obtained from DSC software analysis program are presented in Figure 1. 
According to these DSC curves taken at different heating/cooling rates, the downward endothermic peaks seen on 
all heating fragments of these DSC cycles indicate the forward martensite to austenite (M→A) phase transitions, in 
other words, the β1' (and γ1') martensite transform into β1(L21) austenite phase by the coercion of lattice internal 
stresses generated by heat intake (phonons) [3, 5, 10-12]. On the contrary, when looking at the exothermic peaks 
on the upward cooling fragments of the DSC curves, at this time the correspondent backward A→M transitions 
seem to have occurred. Meanwhile, on the DSC curve run at the high heating/cooling rate of 35 °C/min, an A f 
temperature lag (thermal lag) [4] can be seen to have occurred in the M→A peak that appeared as a flattening in 
the bottom of that M→A peak. This happened mostly due to the high heating rate that leads to a delay in detection 
of the temperature signal comes from the alloy sample as compared to the signal comes from the DSC sample pan, 
the detailed reasons for this lagging temperature phenomenon is well explained in a recent work [4]. 

The characteristic parameters of martensitic transformation temperatures (As, Af, Ms, and Mf) and enthalpy 
change amounts (∆HM→A) spent during M→A transformations for each heating/cooling rate were directly obtained 
as data sets by doing the DSC peak analyses on the DSC analyzer program which automatically uses the tangent 
differentiation method. Then, the values of the hysteresis gap (As-Mf), and the values of the other related important 
kinetic parameters; the equilibrium temperature (T0), and the entropy change amounts (∆SM→A) of the CuAlMnNi 
SMA were calculated. All of these characteristic thermodynamical parameters with their calculated average values 
were listed in Table 1. Plus, the changes in the parameters of transformation temperatures, hysteresis gap, and 
equilibrium temperature by heating/cooling rate were drawn as line graphics and presented in Figure 2. 
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Figure 1. The multiple cyclic DSC heating/cooling curves of the produced CuAlMnNi SMA. 

 
Table 1. The martensitic transformation temperatures and kinetic parameters of the CuAlMnNi SMA. 

 
Among the calculated kinetic parameters, the values of equilibrium temperature (T0) were calculated by using 

T0=(Af+Ms)/2 formula [13]. The equilibrium temperature is the temperature at where the chemical free energy or 
the Gibbs free energy (G) amounts of both austenite and martensite phases are equalized, which means that at this 
point there is no driving force affecting the alloy to any transformation direction [10]. Also, the average lattice 
entropy change values (∆SM→A) for each endothermic M→A transformation were found by using ∆SA↔M =∆HA↔M /T0 
relation [10]. These high enthalpies and calculated entropy values mean that the CuAlMnNi alloy has a good shape 
memory effect. 

The activation energy (Ea) parameter is also another important kinetic parameter for SMAs which is the 
required energy for both forward and backward martensitic transformations to occur. This energy determines the 
nature of the crystallization behavior of the SMAs. The values activation energy (Ea) of the CuAlMnNi alloy were 
computed by using the Kissinger formula [10, 14] given in Equation 1; 
 

 
𝑑 [𝑙𝑛(∅/𝑇𝑚

2  )]

𝑑(1/𝑇𝑚)
= − 𝐸𝑎/𝑅 (1) 

where; Φ refers to heating/cooling rate, Tm is maximum austenite peak temperature (Amax), R is the universal 
gas constant (R= 8.314 J/mol.K). The term on the left side of this equation was drawn as a plot of ln(Φ/Tm2) versus 
1000/Tm shown in Figure 3. This plot shows how the activation energy (Ea) changes by heating rate. By finding the 
slope value from applying the linear fit of this plot, and then substituting this slope value as the left term in the 
Equation 1, the activation energy of the alloy was calculated as 166.40 kJ/mol. 
 

Heating/cooling 
rate 

(ᵒC/min) 

As 

(ᵒC) 
Af 

(ᵒC) 
Amax 

(ᵒC) 
Ms 

(ᵒC) 
Mf 

(ᵒC) 
As-Mf 

(ᵒC) 
T0 

(ᵒC) 
ΔHM→A 

(J/g) 
ΔSM→A 

(J/gᵒC) 

10 62.51 76.13 69.07 37.98 36.89 25.62 57.055 6.48 0.1136 
15 62.43 79.47 71.30 36.74 35.73 26.70 58.105 8.06 0.1387 

20 65.48 85.52 73.58 34.75 33.93 31.55 60.135 8.68 0.1443 

25 66.38 87.31 74.67 36.02 34.97 31.41 61.665 8.64 0.1401 

30 66.61 93.90 81.93 36.94 35.76 30.85 65.42 7.27 0.1111 

Avg. 64.20 82.11 72.16 36.37 35.38 28.82 59.24 7.965 0.1342 
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Figure 2. The graphics of characteristic martensitic transformation temperatures (As, Af, Ms, and Mf), hysteresis 

gap (As-Mf), and equilibrium temperature versus heating/cooling rate. 
 

 
Figure 3. The graphic of the change in the activation energy Ea. 
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The DTA heating curve of the CuAlMnNi alloy obtained at the single heating rate of 25 °C/min is given in Figure 
4. According to the appeared peaks observed on this DTA heating curve, the CuAlMnNi alloy exhibited multiple 
stages of phase transitions of β1’(+ γ1’) → β1(DO3; L21) → β2(B2, metastable) → hypoeutectoid α+γ2 
precipitations (decomposition) → eutectoid recomposition → β2(B2, ordered) → β(A2, disordered) and this 
common DTA pattern of Cu-based SMAs was found constant with the previous works [10, 14, 15]. 
 

 
Figure 4. The DTA heating curve of the CuAlMnNi SMA, showing the sequential multiple stages of phase 

transitions behaviour of this alloy while it was heated through the high temperature β-phase region. 
 

The average valence electron concentration per atom (e/a) parameter is a key parameter for Cu-based SMAs 
concerning having a SME property [1, 3]. The estimation on the types and volumetric dominance of the formed 
martensite phases in the alloy executed through this e/a parameter can give us a theoretical prediction or a prior 
knowledge about the martensitic nature of the alloy texture because the vibrational entropy change (ΔS) of 
average periodic lattice formation is a function that is highly depended on the e/a parameter [1, 3, 15]. It is 
expressed that the Cu-based SMAs generally must have e/a concentrations between 1.45 and 1.49 (or 1.51) to 
have a SME property [1, 3, 10, 15]. This e/a number value range is also a determining condition for the volumetric 
dominance of the monoclinic β1'(M18R) and the hexagonal γ1'(2H) types of martensite forms so that if the e/a 
value of a Cu-based SMA is going below this range the β1' gains dominancy over γ1', inversely as it becomes larger 
than this range then  γ1' is the dominant martensite phase,  and if the e/a value is in the mid of that range  then 
both two types of martensite forms with nearly equal volumes take place in the alloy texture interwoven [3, 10, 
15, 16]. By using the atomic fractions (fi) of each alloying element according to the alloy composition of 69.65Cu-
25.01Al-4.42Mn-0.92Ni at% and their corresponding valence electron numbers (vi) in the e/a=∑fivi formula [10, 
11] the e/a value of the produced CuAlMnNi alloy was found as 1.55, and this value indicates that the γ1’(2H) types 
of martensite phase must have formed in the alloy as the dominant martensite phase. This theoretical assessment 
or prediction on the martensitic structure of the alloy is to be verified by the structural XRD test result given below. 

The XRD result showing the peaks on the diffraction pattern of the CuAlMnNi alloy labeled with the 
corresponding planes of both types of martensite phases can be seen in Figure 5. On this XRD pattern, it is seen 
that the highest diffraction peak the plane of the γ1’(211) type martensite is the main diffraction peak, so this 
martensite is the dominant martensite (confirming the prediction made on the e/a value of the alloy), and the 
other observed martensite peaks are γ1’(111), γ1’(020), γ1’(202), β1’(020), β1’(0022), β1’(12-8), β1’(2012), 
β1’(1210), β1’(208), β1’(331), and β1’(042) [3, 5, 10, 17-23]. Moreover, the precipitation peaks of a Cu-α(200) and 
a Cu9Al4-γ1(444), and the austenitic L21 phase peaks of β1(200) and β1(331) were observed on the XRD pattern, 
too [19-23]. All of the XRD diffraction peaks on the pattern seem to be broadened and which implies that the 
structure of the produced CuAlMnNi alloy has a highly nano-polycrystalline nature. The observed peaks are not 
very high and sharp, and they broadened as some conglomerations of the smaller adjacent peaks of different 
planes. 
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Figure 5. The XRD test result of the produced CuAlMnNi alloy. The peaks belong to the atomic planes of both 

types of interwoven martensite forms can be seen on this X-ray diffraction pattern. 
 

4. Conclusion  
 

In this work, the CuAlMnNi shape memory alloy with a new composition was successfully fabricated by the arc 
melting method. The alloy was characterized by thermal and structural tests that revealed the shape memory effect 
property of the alloy. By DSC tests the martensitic transformation temperatures and other kinetic parameters were 
determined. Although the transformation temperatures slightly changed at different DSC heating/cooling rates, 
the alloy has average Ms, and As temperatures of ~36 °C and ~64 °C, respectively. An Af temperature lag was 
observed on the DSC curve at the highest heating/cooling rate, which happened due to this high rate. The high 
enthalpy and calculated entropy values indicated that the produced CuAlMnNi alloy has a good or powerful shape 
memory effect. The e/a valence electron concentration parameter of the alloy was determined as 1.55, which gave 
a pre-knowledge about the martensitic structure of the alloy predicting that there is a dominancy of martensite 
form over β1’ martensite form at room temperature. This prediction was affirmed by the XRD pattern of the alloy 
showing the highest γ1’martensite peak and the other γ1’ and β1’ peaks. Some precipitations and austenite peaks 
were observed on the XRD pattern, too. The broadened and non-sharp XRD peaks indicated the highly 
polycrystalline texture of the produced alloy. In conclusion, this alloy with this new composition and 
transformation temperatures can be useful in many SMA and related applications. 
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 Surface roughness is a very important factor in determining the quality of the product to 
be obtained, as it affects the production cost and performance of mechanical parts. 
Surface quality is considered primarily as a design parameter for determining functional 
properties such as corrosion resistance and fatigue strength of the part. Therefore, this 
study aims to improve the surface roughness of Al 7075-T6 material, which is generally 
used in aerospace and defense industries. In addition, Al 7075-T6 alloy is an aluminum 
alloy used in parts that require high strength in the military and aircraft industry, 
automotive industry, and nuclear applications. To increase the surface quality of the 
parts, a ball burnishing apparatus was designed and experiments were carried out by 
determining four different force parameters. At the same time, the forces were 
completed in environments where different ratios (0, 1, 3, 5, and 10% by weight) of nano-
Al powders were added to the grease. Thanks to these powders, it is aimed to increase 
the quality of the surface of the ball burnishing Al 7075-T6 alloy. Ball burnishing is a 
simple, fast, and inexpensive surface improvement process that is used to remove 
irregularities on the surfaces of materials after processing. This method is a known 
method of mechanical surface treatment to impart certain physical, mechanical, and 
tribological properties to the workpiece. This process is based on the principle of 
burnishing the workpiece with an apparatus to remove the irregularities on the surface 
by plastic deformation. As a result of the experiment, the effect of each parameter on the 
surface quality of the Al-7075-T6 alloy was investigated. Thus, the most suitable test 
parameters affecting the surface quality of Al-7075-T6 alloy were determined. 

 
 
 
 
 

1. Introduction  
 

Aluminum and its alloys are widely used in industry due to their lightweight, strength, and easy forming 
capabilities [1-3]. Aluminum alloys play an important role in the development of aviation, space, automotive, 
military, and defense industries due to their lightweight (density 2.81 g/cm3) as well as their mechanical 
properties [4-6]. Among these alloys, the importance and application areas of 7075-T6 quality aluminum alloys 
are increasing, especially in the defense and aerospace industry [7]. 

Surface roughness is important in determining the quality of the product to be obtained, as it affects the 
mechanical properties, performance, and production cost of mechanical parts [8, 9]. Characteristic irregularities 
occur on the surface of the workpiece after many machining operations [10]. Ball burnishing is a simple, fast, and 
inexpensive process used to eliminate these irregularities [11]. This process is a well-known mechanical surface 
treatment method to give the workpiece certain physical, mechanical and tribological properties [12]. This process 
is based on the principle of compressing by applying an apparatus to obtain a smooth surface by removing 
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irregularities on the surface by plastic deformation [13]. As a result, this process involves turning, milling, honing, 
grinding, etc. It can be used in place of other traditional surface treatment techniques. 

The parameters affecting the surface quality of the workpiece when the ball burnishing process is applied are 
workpiece materials, ball materials, ball types, burnishing forces, number of passes, physical properties of the ball 
(hardness, ball size, etc.), lubricants, feed rates and burnishing speed. When the literature is searched, it is seen 
that the researchers studied different materials and burnishing process parameters (force, speed, passes, etc.) [14-
20]. Studies on the application of ball burnishing under different environmental conditions are limited in the 
literature, and it is still an issue that needs to be developed. This experimental study aims to obtain optimum 
surface roughness values of aluminum alloy (Al7075-T6) in different burnishing forces and burnishing 
environments. 
 

2. Method 
 

The experiments were carried out using the Al 7075-T6 aluminum solid bar. The chemical content of Al 7075-
T6 used as a workpiece is shown in Table 1. The dimensions of this workpiece material are Ø50 x 280 mm and a 
total of twenty tests have been carried out using two of them. Each workpiece is divided into ten equal parts. 
Different parameters have been applied to each part.  
 

Table 1. Chemical content (wt.%) of Al 7075-T6 aluminum alloy 

Workpiece Al Cu Fe Mg Si Mn Ti Zn Cr 

Al7075-T6 Balance 1.94 0.45 2.71 0.37 0.25 0.19 5.63 0.21 
 

The experiments were carried out on a conventional lathe as shown in Figure 1. The Al 7075-T6 workpiece was 
first turned at 400 rpm to make the surface suitable for testing, and then the surface roughness value was 
measured. The surface roughness value (Ra) obtained without any processing is 1.558 m. The experiments were 
done with a conventional lathe. In addition, using a force gauge, the force parameter used for ball burnishing was 
accurately determined (Figure 1). The force meter is calibrated every three months. Particle penetration between 
the ball burnishing apparatus and the contact surface is prevented. This is because anything entering between the 
interface between the apparatus and the sample adversely affects the quality of the surface. While planning the 
experimental design, twenty tests were conducted using four different burnishing forces (50, 100, 150, 200N) and 
five different environments (pure Al, grease with 1%, 3%, 5%, and 10% nano-Al powder additive) (Table 2). 1, 3, 
5 and 10 wt % Al powders of nano-size were added into the grease and mixed (Figure 2). 

Surface roughness is used as a measure in determining the surface texture of the material [1]. After any test 
procedure applied to the workpiece, changes in the surface topography of the material occur at the micron level 
[21]. Determining these changes is very important in terms of the mechanical properties of the part. Since surface 
roughness helps to determine the performance of any mechanical component with strategic definition, it provides 
the opportunity to predict the irregularities that may occur on the surface (the formation of cracks or the onset of 
corrosion) [22]. The surface roughness value is usually calculated by considering the arithmetic mean of absolute 
values (Ra). According to Figure 2, the Ra value can be expressed by the Equation 1 [23]: 
 

 𝑅a =
1

L
∫ |Y(x)|dx

l

0

 (1) 

 

3. Results and Discussion 
 

The surface roughness values obtained after the Al 7075-T6 aluminum alloy is ball-burnished in different 
parameters (Force and Al additive ratio) are given in Table 2. When the quality of the surface where the ball 
burnishing process is not applied and the quality of the applied surfaces are compared, it is seen that the ball 
burnishing process improves the surface quality. 

The graph of the surface roughness changes according to different % nano-Al powder additive ratios and force 
parameters is shown in Figure 4. When the graphic is interpreted; although it is observed that the surface 
roughness value decreases as the percentage of Al additive added to the grease and the force values increase, it is 
observed that the effect of the % nano-Al powder additive ratio on the surface roughness is more than the force 
values. Because of the 50 N force value and the 10% nano-Al powder additive rate, the surface roughness value is 
the lowest. 
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Figure 1. Experimental setup 

 
Figure 2. Grease environments with different ratios of nano-Al additive. 

 
Figure 3. Profile of surface texture [23]  
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Table 2. Experimental parameters and surface roughness results 
Experiment number Force (N) Environments (%nano-Al powder additive ratio) Surface Roughness results (m) 

Ra Rz 
1 50 Pure 1,372 5,300 
2 50 % 1 1,309 4,949 
3 50 % 3 0,907 5,137 
4 50 % 5 0,886 4,369 
5 50 % 10 0,279 1,591 
6 100 Pure 1,239 4,756 
7 100 % 1 0,895 4,243 
8 100 % 3 0,954 5,434 
9 100 % 5 0,816 3,887 

10 100 % 10 0,356 1,788 
11 150 Pure 0,621 2,706 
12 150 % 1 0,727 3,271 
13 150 % 3 0,890 5,080 
14 150 % 5 0,785 3,146 
15 150 % 10 0,396 2,129 
16 200 Pure 0,609 3,026 
17 200 % 1 0,565 2,998 
18 200 % 3 0,698 3,721 
19 200 % 5 0,760 3,612 
20 200 % 10 0,332 1,921 

 

 
Figure 4. Variation of surface roughness according to different % nano-Al powder additive ratios and force 

parameters. 
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4. Conclusion  
 

In this article, a study was conducted on the improvement of the Al 7075-T6 workpiece surface by mechanical 
methods. The experiments were carried out using the ball burnishing process, one of the mechanical surface 
improvement processes. In this study, when the effect of different parameters (force and % nano-Al powder 
additive ratio) on surface quality is examined, the following results are obtained: 

 
• It has been observed that the best results among the measured surface roughness values were obtained in the 
environment of 50N and 10% nano-Al powder added grease. 
• It is concluded that the increase in the contribution ratio and the force separately increases the surface quality. 
• The surface roughness value of the Al 7075-T6 workpiece, which is not ball burnished, was 1.558 µm, and the 
surface roughness value was reduced to 0.279 µm after the ball burnishing process. 
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 In this study, the shape memory effect characteristics of a ternary CuAlNi shape memory 
alloy (HTSMA) ribbons produced by melt spinning method was investigated by 
performing thermal and structural measurements. To investigate shape memory effect 
properties of the alloy ribbon some isothermal calorimetry, structural and shape 
recovery ratio tests were performed. The differential scanning calorimetry (DSC) test 
result showed the peaks of the reversible martensitic phase transformations occurred in 
a high temperature region (in between ~192°C - 293 °C) during the heating and cooling 
processes of the CuAlNi alloy ribbon. The hysteresis gap of the ribbon alloy was found 
narrow (20.77 °C). Some other related thermodynamical parameters parameters of the 
alloy were determined, too. The differential thermal analysis (DTA) measurement taken 
from room temperature to 900 °C revealed the sequenced multiple solid solid phase 
transitions in the high temperature β-phase region and this was found as compatible 
with the common behavior of the Cu-rich alloys. Theoretical pre-assesment on the 
martensite phases of the alloy was deduced from the calculated average valence electron 
concentration (e/a) value (1.54) of the alloy and this was proved by structural XRD test 
performed also in room conditions. The X-ray diffraction pattern of the alloy revealed 
the presence of the volumetrically dominant γ1’ martensite phase over the collateral 
secondary β1’ martensite phase in the alloy. A shape recovery performance test upon 
thermomechanical bending was performed on the alloy, too. 

 
 
 
 
 
 

1. Introduction  
 

Shape memory alloy (SMA) ribbons are extensively demanded due to the useful functionalities of such 
miniaturized SMAs in the related integrated micro-controllers and micro-electro-mechanical systems (MEMS) 
applications such as microactuators, microgrippers, microvalves etc. [1, 2]. Melt spinning (Figure 1) is an easy 
manufacturing method and by this method very thin columnar SMA ribbons with very small grain sizes can be 
directly obtained even without doing a further heat-treatment homogenization and quenching (rapid cooling) 
processes [2, 3]. Moreover, by this manufacturing method the maximal reversible strain in longitudinal direction 
can be increased, too [4]. 

The low-cost Cu-based SMAs are generally regarded as the best alternative to the most commercial NiTi SMAs 
with superior shape memory alloy properties but much higher costs. Plus, Cu-based SMAs have high 
transformation temperatures, better thermal and electrical conductivity, and also large recoverable strain [5]. As 
concerning to find alternative SMAs with high transformation temperatures (above 100 °C) or named as high 
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temperature SMAs (HTSMAs), the CuAlNi SMAs are seen the best option among the other Cu-based SMAs due to 
their high thermal stability [3, 4]. But the polycrystalline CuAlNi SMAs exhibit poor mechanical properties due to 
their brittleness caused from large grain sizes. Producing CuAlNi alloys in ribbon forms by melt spinning method 
is established one of the ways for grain refinement. 

The transformation temperatures of SMAs are ultimately sensitive to chemical composition, even very small 
differences in alloying compositions can enormously change the transformation temperatures. Hence, 
transformation temperatures demanded in various SMA (and HTSMA) applications can be regulated by tuning 
alloy composition. 

In this work, the ternary CuAlNi HTSMA ribbons were manufactured by melt spinning method. Without doing 
any further heat-treatement and quenching procedures on the ribbon alloy, the shape memory effect 
characterization was made by thermostructural DSC, DTA and XRD tests and thermo-mechanical shape recovery 
performance test on the alloy ribbon was also carried out. 
 

 
 

Figure 1. Schematic illustration of a free jet melt spinner [3] 
 

2. Method 
 

The CuAlNi SMA ribbons with a new alloy composition of 71.08Cu-25.04Al-3.88Ni (at%) or 82.5Cu-12.34Al-
4.16Ni (wt%) were fabricated by melt spinning method. In this process, at first, the powders of the alloying Cu, Al, 
and Ni elements with high purity (%99.99) were mixed and then the pellet forms of this powder mixture were 
obtained by applying pressure. Then the pellets were melted via melt spinning procedure by using an Edmund 
Buehler melt spinner system in argon atmosphere to prevent oxidation of alloy ribbons. Thus, the CuAlNi alloy 
ribbons with 15 μm thickness and ~5 mm width was successfully produced. The test specimens of the obtained 
melt spun alloy ribbons were prepared by cutting them properly for the measurements. A Shimadzu 60A label DSC 
instrument was utilized for performing the DSC test taken at a single heating/cooling rate of 25 °C/min under 100 
ml/min constant argon gas flow. Under same gas flow and also at a single 25 °C/min of heating/cooling rate, the 
cyclical DTA test was carried out by using a Shimadzu DTG-60AH system in between room temperature and 900 
°C. The shape recovery performance test of the alloy ribbon upon bending load was performed and the shape 
recovery ratio between the deformed martensitic shape (storage state, S) of ribbon and the recovered austenitic 
shape (recovery state, R) formed by applied heat on the deformed ribbon was calculated by using the determined 
position angles of two shape states. The alloy composition was detected by a Zeiss Evo MA10 model EDX 
equipment under room conditions. By using CuKα radiation the X-ray diffraction (XRD) test made at room 
temperature by using a Rigaku RadB-DMAX II diffractomer displayed the diffraction peaks planes reflected from 
the atomic crystal planes of the martensite structures at room temperature. 
 

3. Results  
 

  The thermocyclical DSC test result of the CuAlNi ribbon obtained at a single heating/cooling rate of 25 °C/min 
is given as graphic of DSC heat flow (mW) versus temperature (°C) axis in Figure 2-a, and the same graphic drawn 
out on time axis in Figure 2-b. As seen on the both version of the DSC graphic, the correspondent up-exo (on 
cooling) and down-endo (on heating) peaks observed at between ~192 °C and ~293 °C indicates the backward 
austenite to martensite (A→M) and forward martensite to austenite (M→A) phase transformations, respectively.  
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(a) 

 
(b) 

Figure 2. The DSC test result of the produced CuAlNi SMA ribbon; a) the DSC heating/cooling curve (thermogram) 
cycled on temperature axis, b) the same DSC curve drawn out on time axis and with data insets of the analysed 
forward and backward martensitic transformation peaks. In these peak analysis data insets, which were 
automatically inserted by DSC analyser program applying tangent method on the selected area of a peak, the onset 
temperatures are the phase start temperatures (As and Ms), the endset temperatures are phase finish temperatures 
(Af and Mf) and the enthalpy change values (J/g) as integral of transformation peak areas were also directly given 
at the bottom of these data insets. 
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For this reversible martensitic transformation, the characteristic phase start and finish temperatures (As, Af, 
Ms, and Mf), the maximum temperature M→A peak (Amax) (actually here this is the minimum in the case of endo-
peaks seen in the tests made by Shimadzu DSC instrument), the hysteresis gap (As-Mf), the equilibrium 
temperature (T0), the enthalphy (∆HM→A) and entropy (∆SM→A) change amounts for M→A transformations were 
obtained and tabulated in Table 1. 
 

Table 1. The charactersistic martensitic transformation temperatures and some related kinetic parameters of 
the CuAlNi HTSMA ribbon. 

  
Apart from the DSC result, an emprical formula (Equation 1) [4] is given for making an estimation of the Ms 

temperature of CuAlNi alloys;  
 

 𝑀𝑠(°𝐶) = 2020 − [134 × (𝑤𝑡.%𝐴𝑙)] − [45 × (𝑤𝑡.%𝑁𝑖)] (1) 

 
By substituting the mass percentage (wt.%) values of Al and Ni alloying elements in the Equation 1, the Ms 

temperature of the produced CuAlNi HTSMA ribbon was found as 179.24 °C and this value was found close to the 
Ms value (215.09 °C) determined by DSC analysis (given in Table 1). The reason of the difference between these 
two Ms values may be caused from the DSC test and the cooling rate or the presence of small local composition 
diversities in the ribbon alloy (without making post heat treatment and quenching after melt spinning, some 
hypoeutectical precipitations may be remained in the alloy ribbons, and this is going to be shown in the XRD result 
section ahead). 

The equilibrium temperature (T0) is an important kinetic parameter for SMAs. It is the temperature at where 
the chemical Gibbs free energy (G) values of two austenite and martensite phases are balanced, meaning that at 
this temperature there is zero driving force can trigger the alloy to make transform to any one of the two opposite 
phases [6]. By using T0=0.5×(Af+Ms) formula [6] the T0 value of the ribbon alloy was found as given in Table 1. The 
entropy change (∆SM→A) of the endothermic M→A transformation was found by using ∆SM→A =∆HM→A /T0 relation 
[6, 7]. 

The DTA cyclic curve of the CuAlNi alloy ribbon obtained at the single running heating/cooling rate of 25 
°C/min is presented in Fig.3. According to this figure, on the heating fragment of the DTA curve, the appeared 
sequential peaks indicated the multiple phase transformations of “B1(austenite, 
L21)→B2(metastable)→precipitating(α+γ2)→eutectoid recomposition (of the 
precipitates)→B2(ordered)→A2(disordered)”throughout of the high temperature β-phase region, which is a 
common behavior of Cu-based alloys. [6, 7]. 

The average valence electron concentration per atom (e/a) value of Cu-based SMAs can give some pre-
knowledge about the formed martensite phases with their volumetric comparison in those alloys. By using 
e/a=∑fivi formula [7], where fi is the each atomic fraction (at.%) of the alloying elements and vi represents the 
corresponding valence electron numbers of these elements. This e/a value found higher than 1.49 implies that the 
hexagonal γ1’(2H) martensite phase should have dominantly formed in the alloy over monoclinical β1’(M18R) 
martensite phase [6, 7]. This theoretical prediction is to be proved by the result of structural X-ray diffraction test 
performed on the alloy ribbon as given in Figure 4. 

The XRD pattern of the alloy ribbon is given in Fig.4. The highest γ1’(211) martensite peak seen on this X-ray 
diffraction pattern shows a little dominancy of this martensite phase over the β1’ martensite, and this affirms the 
prediction made by e/a value of the alloy ribbon. The other observed peaks on the XRD pattern are some other 
martensite phases of γ1’ and β1’, β1, and precipitates of γ1, γ2, and αCu [5, 8-15]. These complex and short peaks 
including many small precipitation peaks indicate the high polycrystalline nature of the alloy ribbon matrix. This 
was also caused because of not making a post-heat-treatment after melt spinning process. 

The thermomechanical bending test upon loading, unloading and recovering by heat was performed to test the 
shape memory recovery ratio (η) value of the ribbon alloy. The images of this test is given in Figure 5-a and Figure 
5–b. A formula [16]to calculate the shape recovery ratio (η) is given in Equation 2; 
 

 𝜂 =
𝜃𝑅

180 − 𝜃𝑒
× 100 (2) 

 

Heating/cooling 
rate 

(ᵒC/min) 

As 

(ᵒC) 
Af 

(ᵒC) 
Amax 

(ᵒC) 
Ms 

(ᵒC) 
Mf 

(ᵒC) 
As-Mf 

(ᵒC) 
T0 

(ᵒC) 
ΔHM→A 

(J/g) 
ΔSM→A 

(J/gᵒC) 

25 213.52 293.78 251.71 215.09 192.75 20.77 254.44 4.75 0.01867 
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where; θe is the angle (determined as ~20°, in Figure 5-b) in between loaded bending and unloaded plastically 
deformed (martensite) shape position, and θR angle (determined as ~50°, in Figure 5-b) between the unloaded 
shape position and original shape (R, recovery) position of the alloy ribbon. Thus, the shape recovery ratio (η) of 
the melt spun CuAlNi HTSMA ribbon was found as ~%31.25 this value could be enhanced more by optimizing test 
conditions. Also, the alloy ribbon was tended to fracture very much during the bending process, mostly because of 
its very small thickness. 
 

 
Figure 3. The cyclic DTA heating/cooling curve of the CuAlNi SMA ribbon displays the multiple phase 
transformations of “B1(austenite, L21) →B2(metastable)→precipitating(α+γ2) →eutectoid recomposition (of the 
precipitates) →B2(ordered) →A2 (disordered)” throughout of its high temperature β-phase region, which is a 
common behaviour of Cu-based alloys. 
 

 
Figure 4. The XRD test result of the produced CuAlNi HTSMA ribbon. The main γ1’(211) martensite peak seen on 
this X-ray diffraction pattern shows the dominancy of this martensite phase over the β1’ martensite. 
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(a) 

 

 
(b) 

Figure 5. The shape recovery performance test of the CuAlNi HTSMA ribbon. a) as pictures of unloaded ribbon in 
deformed martensite state and after recovery induced by heat, b) same pictures with determined θe angle between 
the loaded and unloaded (plastically-deformed) martensite shapes’ positions and θR angle between unloaded 
shape position and original austenite shape (R, recovery) position. 
 
 

4. Conclusion  
 

In this work, the CuAlNi HTSMA ribbons with 15 micrometer thickness were successfully manufactured by melt 
spinning method.  The shape memory effect characterization of HTSMA ribbon was implemented by performing 
thermal DSC/DTA, structural XRD tests, the shape recovery performance of the alloy was tested by making thermo-
mechanical bending test. The DSC test showed the alloy ribbon having a shape memory effect property based on 
the martensitic phase transformation occurred at between ~192 °C and ~293 °C and this range. The DTA test 
revealed the alloy ribbon’s behaviour in high temperature β-phase region as compatible with the common 
behaviour of the Cu-based alloys. The XRD peaks showed the polycrystalline structure of the alloy including the 
dominat hexagonal 2H martensite phase in the alloy ribbon at room temperature.  The shape recovery ratio of the 
melt spun CuAlNi HTSMA ribbon tested by thermomechanical bending was found as ~%31.25, which can be 
optimized. In conclusion, this melt spun HTSMA ribbon with a new composition may be used in various 
miniaturized HTSMA applications such as thermo-electro-mechanical systems, microactuators and related 
applications. 
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 In parallel with the increasing population of the world, natural water resources are also 
decreasing day by day. Technologies need to be improved due to the official regulations 
for the protection of the environment and the increased need for water in enterprises. It 
is important to minimize the amount of waste water and recover valuable particles. Sand 
filtration is a system that has been frequently used in waste water recovery processes 
for years. It is effective in removing large particles, suspended solids and particles such 
as clay and silt that cause turbidity in water from water. In this study, the basic 
mechanism and design criteria of the system to obtain the best treatment efficiency in 
sand filtering systems are examined. However, more research is needed to focus on the 
composition and properties at the molecular level. 

 
 
 

1. Introduction  
 

Water scarcity is one of the major problems of many countries in the 21st century. This will be one of the most 
critical environmental issues in ten years. Southern states of the USA, Southern Europe, North Africa, the Middle 
East and Australia are already struggling with this problem [1].  

The water in the world is 1 billion 400 million km3 (1 km3 = 1 billion m3). 97.5% of this water consists of salty 
water in the seas and oceans. The remaining 2.5% is fresh water. A very small part of this ratio is used for various 
purposes. The percentage of the total amount of water in the world is presented in Table 1 [2]. We should consume 
these extremely limited natural water resources consciously. 

Wastewater has an important water resource potential in places with a high population, in arid regions and in 
cases where quality water is limited. With water recovery systems, energy consumption and water supply costs 
can be reduced. In addition, the deterioration of the quality of surface waters can be prevented. As a result, treated 
water can be reused in various areas. Usage and application areas of treated wastewater are shown in Table 2 [3].  
 

Table 1. Percentage of total water in the world 
Percentage  % 

The amount of salt water in the seas and oceans 97.5 

Amount of fresh water 2.5 

The amount of water evaporating per year 0.036 

The amount of water falling with rainfall per year 0.007 

Amount of water flowing with rivers 0.003 

Technical and economical amount of water available 0.00064 
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Water must be brought to certain standards in the reuse of wastewater process. The recovery of water is 
theoretically possible at any time under suitable conditions. This depends on economic possibilities. The 
technology to be selected for the reuse of treated water; The properties of treated wastewater should be 
determined by considering quality criteria for reuse purposes, reliability, ease of operation and economic 
possibilities [4].   
 

Table 2. Usage area and applications of treated wastewater [2] 
Reuse Applications 

Environmental applications bogs and wetlands, parks, lakes, fishing and aquaculture, stream flow regulation 

Agriculture and garden irrigation feed and seed products, feed water, grass and forests, nursery garden 

Underground water discharge Providing control for salt water inlet 

Urban applications Fire protection, Street / car washing, air conditioning, toilet flushing 

Industrial applications Cooling, boiler feeding, Construction, Flue gas cleaning 

For drinking purposes Direct drinking, indirect drinking 

 

Reverse osmosis (RO) has effective results in desalination processes. Oron et al. [5] initially treated 81% of 
wastewater with an electrical conductivity of 2020 μS/cm. In their other study, they increased the Na+ 
concentration of 208 mg/L by 83%. In addition, they were able to remove the initial Cl concentration of 48 mg / L 
by 80% reverse osmosis. Reverse osmosis can remove sodium ions and divalent cations. Therefore, it is very 
effective in reducing sodium adsorption rate [5].  

Yim et al. [6], have achieved virus removal from wastewater at a rate of 99% using ultrafiltration technology. 
Hyun et al. [7], results provided a 95% removal efficiency for heavy metals such as Fe, Mn, Cu, Cr and Pb under 

optimal operating conditions after a series of biofiltration and membranes. It is concluded that treated water is 
suitable for use in agricultural areas. Agricultural irrigation and ultraviolet system (FTS) are also suitable for reuse 
of wastewater. The results of the research showed that it can remove 76% of As, 80% of Cd and Cu, 88% of Cr and 
Pb, 97% of Zn. 

Nakada et al. [8] examined the removal of endocrine disrupting chemicals with 24 drugs and personal care 
products in the secondary wastewater of the sewage treatment plant with sand filtration and ozonation and found 
that the removal of most pollutants was more than 80%.  

In this study, the basic mechanism and design criteria to achieve the best treatment efficiency in sand filtration 
systems varying according to operating conditions were examined. 
 

2. Filtration mechanism 
 

The waters that are subjected to the filtration process are high quality exit waters. During this process, the 
quality of water increases with the retention of suspended and colloid materials, removal of microorganisms and 
changes in chemical compounds [9]. The media used in the filtration process can be granular sand beds, pebbles, 
anthracite, glass, small coal particles, or any stable material. The most common filter material is silica sand. The 
fact that sand is cheap compared to other filter materials, easy to find and effective results have caused it to be 
widely used. Anthracite or other filter materials are generally used with sand material in the construction of double 
or multi-layer (multi-media) filter beds that provide higher capacity [10, 11].  

Filters consist of three groups as single media, dual media and multi media according to the filter media used. 
Single media filters are one type of filters and generally the filter media is sand or compressed anthracite. If the 
size of the filter material in the bed is the same, it is called homogeneous single media filters, if it is different, it is 
called heterogeneous single media filters. In dual media filters, there are two types of filter material in the filter 
bed. Multimedia filters contain more than two filter materials  [12].  

Filters consist of two groups, gravity operated and pressurized, depending on the operating conditions. Gravity 
operated filters are the process of filtering water from the filter media by gravity effect. Outlet water pressure in 
these filters is equal to atmospheric pressure. Gravity operated filters are divided into two as slow sand filters and 
rapid sand filters according to their working speed [13].  

Treatment technology with granular activated carbon is the ideal solution for removing chlorinated-
hydrocarbons and trihalomethanes, disinfection by-products, volatile organics, pesticides and micro-
contaminants that cause taste and odour in drinking water. 

Pressure filters are generally made in the form of tanks. The force that moves the water in these filters is the 
pressure difference at the filter inlet and outlet. The most important properties of these filters is that they do not 
come into contact with the atmosphere. Pressure filters are made in the form of vertical pressure filters and 
horizontal pressure filters [13]. 
 

2.1. Slow sand filtration 
 

In this system, the filter speed changes between 0.1-0.5 m3/m2.h In slow sand filters, fine-grained sand material 
with an effective diameter of 0.15-0.35 mm is used for the filter media. In slow sand filters, the thickness of the 
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filter media (sand layer) should be between 0.6-1.2 m. Since the grain diameter of the sand is small, suspended 
and colloid substances in the inlet water cannot arrive at the bed depth of the filter. Therefore, clogging occurs in 
the upper layer of the filter media [14].  
 

2.2. Rapid sand filtration 
 

In rapid sand filters, filter speed is between 5─15 m/s. The grain diameter of the sand to be selected should be 
between 0.5─2 mm and the bed thickness should be between 0.5─2 m. It should be noted here that the grain size 
is uniform. Due to the high speed of the filter and the large flow rate passing through the filter area, rapid sand 
filters clog faster than slow sand filters. Clogged rapid sand filters are cleaned by backwashing. Backwash time is 
calculated according to the head loss [15].  

The backwashing process takes place by reversing the water flow direction. The filter bed expands during 
backwashing. The pollutants kept in the pores of the particles are cleaned by rubbing them against each other. The 
important point is to reduce the particle size and increase the densities in order to prevent displacement during 
backwashing. For example, sand is used as the middle layer, anthracite which is a lighter material on top of it, and 
magnetite, which is a heavy material at the bottom layer [16]. 

 

2.3. Granular activated carbon 
 

They filter synthetic and organic chemicals depending on the pollutant type and concentration [17]. Granular 
activated carbon filters can be used in place of or combined with slow sand filters. Thus, the need for excessive 
filtration is reduced. Therefore, they are often used in situations where space is a limiting factor [18].  Activated 
carbons are frequently used as filter media with their high de-chlorination kinetics and hydrocarbon adsorption 
capacity. Coconut-based activated carbons are generally preferred in drinking water treatment processes, while 
coal-based activated carbons are preferred in wastewater treatment applications. 

 

2.4. Pressurized multi-media filtration  
 

In the multi-layer pressure filtering process, the waste water coming into the system is sprayed to the filtering 
tank from above through nozzles. As the wastewater moves down through the filter media, it passes through the 
media of different pore diameters. During this transition, suspended solids and contaminants such as clay and silt 
that cause turbidity are retained. The treated water passing through the nozzles placed on the bottom of the tank 
is sent to the storage tank. The pressure of the system increases as contaminants accumulate in the media during 
filtration. In this case, it is necessary to perform a backwashing process in order to remove the contaminants 
accumulated between the media. In the backwash process, the flow of water is reversed and the system is supplied 
with water at high speeds from the bottom. Thus, the particles between the media are cleaned by reverse flow. In 
the backwash mode, there are enlargements in the media environments. This is an important parameter to be 
considered in the multi-layer filtering system to be designed [19]. The components of the multimedia system are 
shown in Figure 1. 
 

 
Figure 1. The components of the multimedia system. 
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3. Design parameters of filtration system 
 

Some parameters are determined by engineers in the design of filtration systems. The main design parameters 
to be determined are the type and physical properties of the filter material, filtration rate control method, pressure 
losses, and backwashing process.  
 
3.1 Filter materials 
 

Various filtering media can be used in multi-media filtration [20, 21]. Silica sand is most commonly used in the 
world and in Turkey. A coarser but less dense material (usually anthracite) is placed on silica sand. Anthracite is a 
natural mineral used as a top layer filtration mineral. The use of multi-layer filter materials has become commonly 
in developed countries. Media with different characteristics are used according to the diversity of pollutants from 
water [9].  

Quartz sand is used as filtration media or substrate depending on the suspended solid particle size and 
application. It increases filtration efficiency by reducing retention time and pressure loss with high flow rates. 
Garnet media is a high-density filter media. It is generally used as base media. Increases productivity with sand, 
gravel and anthracite. It should have the necessary hardness properties for maximum efficiency and should be 
rounded rather than angular. Calcite media is a calcium carbonate compound. It is used to neutralize acid.  
Manganese green sand is a siliceous media treated for the treatment of water containing iron, manganese and 
hydrogen sulphide. Dolomite is a granular calcium carbonate filtration media with a particle size of 1 to 2 mm. This 
media is used for adjusting the pH level of drinking water and for the remineralization of desalinated water [22, 
23].  
 
3.2 Filtration hydraulics 
 

The law that best explains the flow of fluid in a porous environment is Darcy's Law. According to Darcy's Law, 
the filter speed (Vf) is directly proportional to the permeability coefficient of the filter medium and the hydraulic 
gradient. Accordingly, the filter speed is expressed by Equation 1 [24]. 
 

 𝑉𝑓 = 𝑘 𝑥 𝑙  (1) 

 
Here, Vf is the filter speed (m/s), k is the permeability coefficient, l is the hydraulic slope. Hydraulic slope is the 

ratio of the distance between the water surfaces to the bed thickness in filters and it is expressed as  l= H L.H (m) 
is the distance between water surfaces, that is, the load container, L (m) is the thickness of the bed. If this formula 
is substituted in Equation 1, the expression giving the filtration rate will be as in Equation 2. 
 

 𝑉𝑓 = 𝑘  𝑥 
𝐻

𝐿
     (2) 

 
Carmen-Kozeny or Sabri Ergün equations are used to calculate head losses of filtration units. The expression 

that gives the permeability coefficient in a filter bed with a continuous flow of diameter d according to the Carman-
Kozeny equation is given in Equation 3. 
 

 𝑘 =
𝜌

180 𝑥 𝜗
 𝑥 

𝜑3

(1−𝜑)2  𝑥 𝑑2     (3) 

 
Here; ρ is the density, ϑ the kinematic viscosity, φ the porosity and d (m) the grain diameter. The porosity value 

varies according to the type of filter material. Kinematic viscosity is a temperature dependent parameter and is 
calculated using Equation 4. T refers to temperature in °C. 
 

 𝜗 =
(1.31)𝑥 10−6

(0.72)+(0.028 𝑥 𝑇)
     (4) 

 
The diameter d of the filter material is found depending on the shape coefficient θ and the specific grain 

diameter ds. Accordingly, d is calculated using the formula in Equation 5. 
 

 𝑑 =  𝑑𝑠 𝑥 𝜃      (5) 
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The shape coefficient varies according to the shape of the material used in the filter medium. It changes by 
taking a value of 1 if the material is spherical, 0.7 if the broken material is close to the sphere geometry, 0.95 if it 
is close to the sphere geometry, and 0.7-0.95 in other shapes [24]. 

When the value of k given in Equation 3 is replaced in Equation 2, the load loss is calculated as in Equation 6 
according to the Carmen-Kozeny equation. The Carmen - Kozeny equation is often used for laminar flows. 
 

 H = 
𝑉𝑓 𝑥 𝐿

𝑑2  𝑥 
1800 𝑥 𝜗

𝜌
 𝑥 

(1− 𝜑 )2

 𝜑 3
    (6) 

 

In addition, the Sabri Ergün equation, which is a broader equation that includes laminar flow, transition region 
and turbulent flow, is used [24].  
 

 
𝐻

𝐿
=  

150 𝜇

𝑔.𝑝
 𝑥 

(1− 𝜑 )2

 𝜑 3
 𝑥 (𝑆/6)2 𝑥 𝑉𝑓 + 1.75

(1− 𝜑)

 𝜑 2

𝑆

6

𝑉𝑓
2

𝑔
     (7) 

 

Here: 
H = head loss 
L = Mattress thickness 
g = acceleration of gravity 
p = density 
φ = porosity 
S = specific surface 
μ = dynamic viscosity 
Vf = filter speed 
 

Specific surface S in Equation 7 refers to the area of grain surface per unit volume. The first term of the Sabri 
Ergün equation is similar to the Carmen-Kozeny equation. The second part expresses the energy losses [24]. 
 

3.3 Backwashing  
 

Backwashing is the removal of contaminants accumulated on the material in the filter bed by washing the filter 
upwards. There should be no material loss during backwashing. In this process, the filter bed is made fluid. When 
the bed is fluid, the upward force (pressure drop) and the downward force and the weight of the bed under water 
are equal. This is mathematically represented in Equation 8 [24]. 
 

 𝜌 . 𝑔 . 𝑍. 𝐴 = (1- 𝜑). L. (𝜌𝑆 −  𝜌). g. A (8) 

 
Here: 
ρ: density of water (kg/m3) 
ρs: density of the material (kg/m3) 
L: bed thickness (m) 
φ: Porosity of the bed 
g: acceleration of gravity 
Z: head loss in the filter bed during backwashing 
A: Filter bed surface area (m2) 
Another parameter in backwash is the expansion percentage (E). This percentage can be calculated using Equation 
9. 
 

 𝐸 = 100 
𝐿𝑒−𝐿

𝐿
= 100 

𝜑𝑒− 𝜑

1− 𝜑𝑒
  (9) 

 
Here Le and φe show the expanded bed thickness and porosity, respectively. 
The total head loss is calculated using Equation 10. 
 

 𝐻 =  𝐻𝑏𝑎𝑠𝑒 + 𝐻𝑏𝑒𝑑 +  𝐻𝑝𝑖𝑝𝑒   (10) 
 

3.4 Physical and chemical parameters 
 

3.4.1 Turbidity (Appearance) and Colour 
 

Drinking and potable water should be clear. Turbidity in water is caused by the presence of silt, clay, degraded 
organic matter, plankton and bacteria. Turbid water can be pathogenic (may contain disease-causing bacteria). 
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Pathogenic bacteria can settle in the pores of solid particles that create turbidity. Colour is a very important 
property for drinking water. Clean waters are colourless. Organic substances are found in yellow or brown waters, 
and iron and manganese in reddish or dark brown waters. It gives colour to water in substances that are dissolved 
in water and in colloidal form. 
 
3.4.2 Smell and Taste 
 

Drinking and potable water should be odourless and tasteless. In general, the smell and taste of the waters 
come from organic substances, living and non-living vegetable organisms (algae), metals (iron, manganese, etc.), 
phenol, chlorine and chlorine compounds. Humus, acidic, ferrous and manganese waters give the water a taste of 
ink and sulphurous hydrogen water with a stinky egg smell. Waters with large amounts of chloride will have a 
salty taste. 
 
3.4.2 pH value  
 

The pH value indicates that the water is acidic or alkaline in character. Pure water has a pH of 7. A low pH value 
indicates that the water has an acid character and a high pH value indicates a basic character. The pH value is of 
great importance in cleaning the waters. Treatment of iron, manganese compounds in water, taste, odour and 
corrosion control are directly related to the pH of the water. The optimum limits of pH, which is an important 
factor in biological and chemical systems of natural waters, for aquatic life are between 8.5 - 9.0. The high pH value 
also changes the toxicity of other pollutants. 
 
3.4.3 Hardness 
 

The hardness of the water; It is the property of polyvalent metal ions in water to form insoluble compounds 
with soaps (organic salts formed by high fatty acids of potassium and sodium). The most important salts that create 
hardness in water are calcium and magnesium ions. Soap is precipitated especially by calcium and magnesium 
ions that are always present in water. Water hardness is also used as a contamination indicator. 
 
3.4.5 Sulphate 
 

Sulphate in water resources is generally caused by the soil structure containing sulphate, sulphate fertilizers 
used in agricultural lands, waste paper, H2SO4, pharmaceutical industry, sugar factory and dairy industry wastes 
reaching the receiving water environment. Sulphate is one of the parameters that should be examined especially 
in terms of aquatic life. Since the sulphate ion is essential for plant nutrition, it should be present in all irrigation 
water. Sulphated waters cause the destruction of concrete and iron pipes to lose their durability. 
 
3.4.6 Chloride 
 

Chloride, which is present in almost all natural waters, is present in high amounts in waters that are filtered 
from mineral salt deposits and under the influence of sea water. Because more than half of the dissolved NaCl ion 
concentration in sea water forms chloride. The amounts of chloride ions are an indicator for healthy water. The 
amount of chloride in many drinking waters does not exceed 30 mg/lt. This chloride concentration rises in waters 
close to sea and rock salt deposits. Excessive amount of chloride in water spoils the taste of the water. Therefore, 
the chloride concentration should not be more than 250 mg/lt. If this amount is exceeded, water becomes 
undrinkable in terms of taste, even if there is no health hazard. 
 
3.4.7 Nitrite 
 

Source of nitrite in water; organic substances, nitrogenous fertilizers and some minerals in nature do not 
constitute. Nitrite occurs from the oxidation of nitrogen by means of ammonia. Therefore, the formation of nitrite 
is a factor that reduces the oxygen in the water. Another negative effect of nitrogen and therefore nitrite is that it 
causes eutrophication with water due to nitrification. This event is a factor that increases the pollution in the water. 
The presence of nitrite in water is very important for human and living health. Because; nitrite forms nitrosamines 
and nitroamides in an acidic environment. 
 
3.4.8 Nitrate 
 

Nitrate is one of the important water quality parameters that affect efficiency in water. Nitrate ions in water 
are caused by the oxidation of ammonia resulting from protein decomposition of animal and vegetable wastes, 
nitrate fertilizers used in agricultural fields, direct oxidation of nitrogen-to-nitrogen oxides as a result of electrical 
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discharges in the atmosphere and the reactions of these oxides in water. The amount of nitrate in water varies 
widely in nature. The amount of precipitation may increase significantly after the dry periods. While the amount 
of chlorinated water is low, the amount of chlorine increases in non-chlorinated water. Nitrates can also be an 
indicator of water pollution. 
 
3.4.9 Ammonia 
 

Ammonia concentrations in drinking water are indicative of organic contamination. The toxic effect of 
ammonia on living beings increases with the lack of oxygen, increase in temperature and the presence of other 
toxic substances. It is known that some of the nitrogen combined with the organics in the clay and soil is converted 
into ammonia by the bacteria in the soil. The level of this transformation is; Although it varies depending on the 
soil type, climate and the type of plant grown at that soil level, it is at most 3%. 
 
4. Results 
 

The factors to be considered in order to obtain an effective result in the selection of the filtration system can 
be listed as follows. 
 
- Maximum flow rate required 
- System operating temperature 
- Flow 
- Nature of suspended solids or turbidity 
- Water analysis of feed water 
- Quality of the water to be treated 
- Availability of sufficient water source for backwashing 
 

The filter base should be made in a way that it does not clog and prevents the material in the filter bed from 
mixing with the filtered water. There is a sand and gravel layer under the filter bed at the filter base, and nozzles 
and manifold under it. The sand-gravel layer under the filter bed must be arranged very well. There is a fine-
grained layer at the top of this layer. 

The biggest head loss in filters depends on filter bed thickness and material density. Taking this issue into 
consideration in filtration designs, large bed thickness is preferred in order to keep the filtration time long. 
 

Sometimes water and sometimes air are used in backwashing processes. In systems where water is used, 
backwash rate changes between 37-70 m³/m².h, while compressed air velocity varies between 1-1.5 m³/m².min. 

Fast sand filters require low construction costs and high operating costs. These filters should be cleaned within 
1-3 days. 

For slow sand filters, there are high construction costs and low operating costs. These systems should be 
cleaned after 90-120 days. 
 
5. Discussion 
 

Sand Filtration Systems is a technology recommended by the World Health Organization as a wastewater 
treatment technique. Large-scale technologies such as nano filtration, reverse osmosis, ultraviolet filtration, 
membrane bioreactors are available, but they are not cost effective. Sand Filtration Systems are more cost-effective 
systems where raw materials can be obtained in cheap ways. They are used to treat all types of waste, drinking or 
rainwater. The basic mechanism of this system lies primarily in the development of media mediums responsible 
for the removal of bacteria and viruses. 

Hydrophobic interactions, hydration and Van der Waals forces, surface roughness and bridging at the 
macromolecular level are mechanical factors responsible for bacterial adhesion and make their removal from 
water difficult [25].   

Studies have shown that aluminium hydroxide or iron oxide coated sand gives more effective results than 
uncoated sand [26]. However, whether placing it on the sand or at another depth will yield the same results is an 
important research that needs to be done yet. 

In the future, the focus should be on researching the effects of metal coating of filtering sands on productivity 
and human health. 
 
6. Conclusion  
 

Parameters such as flow rate, filter size, contaminant rate and types in water, filter depth, head loss change the 
design of filtration systems significantly. The proposed in this study can be used to optimize the design of sand 
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filtration systems. Alternatives can be designed with media of different specific gravities and sizes. The results 
obtained by examining various facility designs are as follows. 

- Methods developed for single media can also be used for multimedia filters. 
- Polyacrylamides, suspended solids, sulphate, nitrite, water hardness, ammonium greatly alter the 

performance of all filtration systems and must be considered in filter design. 
- Filter design should not be limited to general standards. It should be designed according to the source of 

the water. The operating results of many facilities have shown that the specific design is suitable for 
specific situations. 
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