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Abstract- In the present paper, the effects of deep cold rolling (DCR) as a mechanical surface treatment on the one of 

the most common brass alloys, C38500, have been investigated. First, the surface roughness of the raw specimen of 

brass C38500 was measured using the roughness tester. For applying the DCR process, a simple tool was designed and 

fabricated for performing the treatments using surface pressure induced by a small ball. DCR process was 

accomplished by different kinds of the balls to determine the effects of the tool hardness on the surface topography. 

Then, the roughness tests were carried out for the treated specimens. Results show that improvement in the surfaces 

roughness was achieved by applying the DCR treatment. It was also obtained that different materials and depths for 

the balls were caused various results.  
 

 

Keywords - Roughness, surface quality, Mechanical surface treatment, Deep cold rolling, Brass 
 

 

INTRODUCTION 

The quality of the surface (surface finish, surface texture or 

surface topography) is important in many fields especially in 

fracture mechanics. The surface quality includes three 

characteristics of surface roughness, lay, and waviness, As 

indicated in Fig. 1. Surface finish is caused by manufacturing 

process. The manufacturing method of a product have to be 

optimized for the quality of the surface that is needed for it's 
applications. Therefore, after fabrication the part, it might be 

needed to apply a treatment as a post process to reach the 

suitable quality. Generally, the quality of the surfaces is 

evaluated by the roughness. 
 

 
Fig. 1: three characteristics of surface quality [1]. 

 

There are a lot of processes for changing the surface finish 

state like lathing, milling, burnishing, roller burnishing, deep 

rolling, etching and etc. When a part is subjected to dynamic 

loading, the crack initiation is started on the surface 

irregularities and then propagates into the material [2] and 

this is an important reason for having a surface without any 

indent. The deep cold rolling is a common mechanical surface 
treatment for increasing the fatigue life. It is caused by four 

factors: making the pressure residual stresses, work 

hardening, improving the surface quality and near-surface 

nanocrystallization [3]. 

MATERIAL AND EXPERIMENTS 

In this article the objective is reaching to the best surface 

quality for brass c38500 (free machining brass). For having 

same conditions for all of the specimens, manufacturing 

process was applied using computer numeric control (CNC) 

lath. The DCR process was chosen and a simple structure tool 

was designed and fabricated. This process is done by some 



balls that they have 6.35 mm diameter. Fig. 2 shows this tool 

fixed on the lath for performing the DCR on the C38500 

alloy. 

 
Fig. 2: the deep rolling tool. 

In this research some stages have been done. In the first 

stage, DCR was done by using the different balls and 

penetration depth. Three types of steel ball with 46.5 HRB, 

44.5 HRC and 57.6 HRC, a very high strength and 

antifriction ceramic ball and finally a bronze ball with 62.1 

HRB and five different penetration  depths, 50, 75, 100, 125 

and 150 µm. In next stage, for investigating the effects of 

rotation speeds, the process was done for the best result of 

previous stage and DCR been done for different rotation 
speeds of the specimens, i.e, 22.5, 45, 90, 180, 355 and 710 

rpm for the best results of previous stages. In the third stage  

for determining the effects of moving speed of the tool, DCR 

has been performed for different feed rates, 0.08, 0.16, 0.22, 

0.28, 0.36 and 0.4 revmm  for the best result of previous 

stage and in the fourth stage, repeating the process for all of 

the balls has been done to determine it's effect. Some 

researchers have shown the effects of lubricant oils on the 

roughness induced by DCR [4-6]. In the final stage of this 

research the effect of Z1 coolant has been investigated.  
Results 

First, the roughness of raw specimen was determined by 

roughness tester, Mahr M300_C. near to 1.523 µm. The 

results of roughness tests for DCR by using different balls 

and penetration depths with 0.08 revmm  for tool moving 

(feeding rate) and 90 rpm for specimen rotation speed 

(spindle speed) are expressed in table1. In this table the 

average roughness (Ra) has been shown. 

Table1: the effects of ball materials and penetration depth 

Influence depth (µm) 50  75  100  125  150  

Soft steel 0.648 0.418 0.443 - - 

Bronze 0.723 0.454 0.547 - - 

Steel type 1 0.414 0.291 0.459 0.348 0.541 

Steel type 2 0.408 0.231 0.501 0.261 0.305 

ceramic 0.345 0.183 0.221 0.195 0.233 
 

It is obtained that the soft steel and bronze ball when 

subjecting by higher loading values (penetration depth higher 

than 100 µm) had plastic deformation and were not 

appropriate for this work purposes. 

In the second stage, investigating the effects of rotation 
speed has been done by using ceramic ball with 75 µm 

penetration depth.  

 

 

Table2: effect of rotation speed 

 

In the third stage, the DCR treatments have been 

accomplished for the best results of previous stages (ceramic 

ball, 75 µm penetration depth, 90 rpm rotation speed). The 

results is illustrated in table2. 
Table3: effect of feed rate 

 

In the fourth stage, for determining the effects of repeating 

the process which was done by using the best parameters of 

DCR that were resulted from previous stages. 
Table4: effect of repeating the process (2 pass) 

Ball's type 50 µm 75 µm 100 µm 125 µm 150 

µm 

Soft steel 0.379 0.338 0.37 - - 

Bronze 0.423 0.38 0.547 - - 

Steel type 1 0.4 0.221 0.297 0.246 0.388 

Steel type 2 0.291 0.19  0.338 0.186 0.249 

ceramic 0.214 0.103 0.165 0.114 0.128 

 
In the last stage, the effects of Z1 oil has been investigated.table5 

shows results of this stage. 

Table5: effect of Z1 oil 

Conclusion 

The roughness tests show that the DCR can affect the 

surface quality. The best parameters for DCR to reach the 

highest surface quality are 75 µm penetration depth, 

0.08 revmm  feed rate, 90 rpm spindle speed, it caused 

1478.64 percent improvement of surface quality for brass 

c38500. The results show that the ball with higher hardness is 

more efficient on the roughness. Repeating the treatment 
maybe causes better quality but it takes more time. The 

results show that the Z1 coolant has a good effect only on the 

first pass and for repeating the process it's effects are smaller 

than the process without it. 
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Rotation speed 

 (rpm/min) 

22.5 45 90 180  355  710 

roughness 0.341 0.331 0.183 0.364 0.419 0.718 

Feed rate 

(mm/rpm) 

0.08 0.16 0.22 0.28  0.36  0.4 

roughness 0.183 0.51 0.607 0.763 0.801 1.001 

Numbers of pass 1 2 3 4 5 

roughness 0.143 0.127 0.112 0.108 0.2 

Collet 

Ball 

Treated 

area 

Untreated 

area 


