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Abstract. Stream finishing, one of the fast mass finishing processes that enables 

a material removal rate up to 500 μm/h, is a candidate for the post processing 

method for external surfaces of additively manufactured (AM) components. The 

problem here is non-uniform material removal (MR), which is probably caused 

by a conventional method of rotating target components 360o in a stream finish-

ing bowl. Our plan is to control the component orientations and toolpath depend-

ing on each geometry. In order to consider the optimized toolpath, MR simulation 

is a promising tool. This study focuses on in situ measurement of process values 

around the target components, which are essential for modelling the granular 

flow. We measured the pressure and velocity on components surfaces using pro-

totyped tools submerged in the stream finishing media. As a result, the measured 

pressure increased with the submersion depth, and reached 0.05 MPa at a depth 

of 250 mm. Regarding the contact angle, the pressure reached maximum in the 

normal direction toward media flow. The media motion on the surface was suc-

cessfully tracked using a transparent container. The measured velocity reached 

maximum when the surface is parallel to media flow. Using these acquired pres-

sure and velocity, a simple estimation of MR was conducted using Preston’s law, 

and agreed with the experimental result. The measured values will enable the 

calibration and validation of the simulation model, which can be used for the 

future toolpath prediction. 

Keywords: Stream finishing, robotic finishing, granular flow, tribometer, addi-

tive manufacturing. 

1 Introduction 

1.1 Post processing of additively manufactured (AM) components 

Additive manufacturing (AM) technology has provided a new approach to manufacture 

metal components [1]. Industries are trying to adopt AM technology to automotive, 

aerospace, medical fields, and have demonstrated its application for prototypes such as 

a fuel nozzle, engine and heat exchanger [2]. One of the challenges on AM technology 
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is post processing method to finish its surfaces including internal and external struc-

tures, as as-formed surface roughness is 3-30 μm Ra. Regarding finishing method for 

external surfaces, several methods can be applied such as machining, blasting, vibratory 

finishing, stream finishing, and chemical polishing. We consider that stream finishing 

is a candidate for industrial use of the external finishing of the AM components, be-

cause of the high material removal (MR) rate up to 500 μm/h. In a conventional way, 

the stream finishing bowl and component have been rotated 360o during the process, 

respectively. However, as shown in Fig. 1, the defect appears if polishing parameter is 

not controlled. Therefore, we are considering that it is beneficial to control orientations 

and toolpath for improving the MR uniformity. 

 

 

 

Fig. 1. Photograph of an example of the polished AM component without toolpath control. 

For controlling the toolpath, one possible approach is to create MR simulation 

model, then to predict MR distribution using the model without a physical trial and 

error. The example is: (1) to calculate MR in each component orientation toward the 

media flow direction, (2) to combine the orientations so that the summation of MR 

becomes uniform, and (3) to polish the component using the predicted toolpath plan.  

To simulate the dense particle flow, Jop et al. [3] proposed granular flow model. The 

merit of this idea is to enable us to simulate granular flows by considering continuum 

based fluid dynamics by introducing granular viscosity. In order to apply the model to 

the stream finishing, in turn, it is necessary to calibrate, that is, identify parameter val-

ues in the model, using measured granular velocity and pressure. However, up to the 

authors knowledge, there is no available tool to measure granular pressure and velocity 

on components surfaces in a stream finishing bowl [4-6].   

1.2 Objectives 

The objective of this study is to measure granular pressure and velocity for stream fin-

ishing by prototyping new measurement tools. In this study, the measurement tools for 

the granular pressure and velocity were separately prepared. Then, the influences of 

component submersion depth and component angle toward media flow were elucidated, 

which influences the amount of MR and surface roughness according to our experience. 

Defect caused by uncon-
trolled MR 
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2 Experimental 

2.1 Stream finishing system 

As shown in Fig. 2, stream finishing system (SF-105-A-W, OTEC) with a robotic arm 

(IRB4400/60, ABB) was set-up. A tool changer at the tip of the robotic arm enables to 

change each measurement tool described in section 2.2. Media flow speed was con-

trolled by changing the rotational speed of the stream finishing bowl. Polymer type 

media (KM6, OTEC) and ceramic type media (DBS4/4, OTEC) were used in the pres-

sure and velocity measurement and MR measurement described in section 3.3, respec-

tively. The process parameters used is summarized in Table 1.  

 

 

Fig. 2. Photograph of the stream finishing system. 

Table 1. Process conditions of the stream finishing. 

Media Polymer type (KM6, OTEC) 

Ceramic type (DBS4/4, OTEC) 

Rotational speed 30, 60 rpm 

Location 

     Radius r 

     Depth z 

     Angle θ 

 

250 mm 

100, 200, 250 mm 

0°, 30°, 60°, 90° 

Liquids, compounds Dry (without water and compounds) 

Stream finishing bowl 

Robot arm 

Abrasive media 

Tool changer 
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2.2 Measurement tools 

Pressure measurement. A force transducer (U93, HBM) was mounted in a stainless 

steel casing with a cubic size of ~50 mm. A circular button part with a diameter of 16 

mm, which contacts with abrasive media, was prepared, and connected to the force 

transducer. Fig. 3a shows the schematic of the top view of the coordinates. 

Velocity measurement. A transparent glass container with a size of 78×78×70 mm in 

which a digital camera was installed, was used to monitor media movement. Although 

the corner part of the container was rounded, the shape was considered to be square. 

Firstly, the media movement was captured with a frame rate of 120 frame/sec. Then, 

the velocity was calculated by dividing the tracked media traveling distance by its time. 

Fig. 3b shows the schematic of the top view of the coordinates. 

 

       

Fig. 3. Schematic of the top view of the used coordinates for a) pressure and b) velocity meas-

urement.  

3 Results and discussions 

3.1 Pressures 

Fig. 4 shows an example of the transitional detected force until 30 seconds at a rota-

tional speed of 30 rpm and location (r, z, θ) of (250 mm, 200 mm, 0°). The data fluctu-

ation was observed, which was probably caused by the vibration of the casing bom-

barded by the plastic media. Then, the averaged value (as shown in a broken line) was 

used for evaluation. The acquired averaged force was divided by a contacted area size 

to transform the data into pressure. Fig. 5 shows the acquired pressure at a rotational 

speed of 30, 60 rpm, and location (r, θ) of (250 mm, 0°). The graph showed that the 

recorded pressure increased with the submersion depth, and reached 0.05 MPa at a 

depth of 250 mm when 30 rpm. Unexpectedly, the value in 60 rpm was lower than  

a b 

Metal casing 
Glass con-
tainer 

Camera 

Button part 



5 

 

Fig. 4. The transitional acquired force using the tribometer at a rotational speed of 30 rpm and 

location (r, z, θ) of (250 mm, 200 mm, 0°). The duration of the data acquisition was 30 seconds. 

 

Fig. 5. Pressure data with a rotational speed of 30 rpm and 60 rpm, and location (r, θ) of (250 

mm, 0°). 

 

Fig. 6. Pressure data with a rotational speed of 30 rpm, and location (r, z) of (250 mm, 200 mm). 

-5

0

5

10

15

20

25

0
.2

1
.6

3
.0

4
.4

5
.8

7
.2

8
.6

1
0

.0

1
1

.4

1
2

.8

1
4

.2

1
5

.6

1
7

.0

1
8

.4

1
9

.8

2
1

.2

2
2

.6

2
4

.0

2
5

.4

2
6

.8

2
8

.2

2
9

.6

Fo
rc

e
 [

N
]

Time [s]

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0 50 100 150 200 250 300

P
re

ss
u

re
 [

M
P

a]

Depth [mm]

30 rpm / r = 250 mm / θ = 0°

60 rpm / r = 250 mm / θ = 0°

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0 20 40 60 80 100

P
re

ss
u

re
 [

M
P

a]

θ [˚]

30 rpm / r = 250 mm / z = 200 mm



6 

that of 30 rpm. It is considered that the phenomenon was caused by centrifugal force 

applied to the media during polishing, which is leading to the media height distribution 

change. Fig. 6 shows acquired pressure with a rotational speed of 30 rpm, and location 

(r, z) of (250 mm, 200 mm). The value decreased from 0.03 MPa at 0°, then, the value 

was slightly more than 0 MPa at 90°. This result shows media is still contacting the 

surface at 90°.  

3.2 Velocities 

By using the transparent container, the media motion was successfully recorded. Fig. 7 

shows an example of the captured image. By using the sequenced image, selected media 

was tracked to measure the velocity in two directions, Vx and Vz. Fig. 8 shows the 

measured result of two directions of velocities at a bowl rotational speed of 30 rpm, and 

location (r, z) of (250 mm, 200 mm). Vx value reached the maximum, 582.4 mm/s at 

90°. On the other hand, Vz value reached the maximum, 157.4 mm/s at 60°. The reason 

for the media moving upward is considered that the upper side is having lower granular 

pressure, which is leading to easier flowing than the deeper side of the bowl. Also, the 

 

          

Fig. 7. Photograph of a captured image using the transparent container. The white tape shows a 

scale with a length of 20 mm. 

 

Fig. 8. Flow data with a rotational speed of 30 rpm, and location (r, z) = (250 mm, 200 mm). 
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similar velocity values were acquired at a location (r, z) of (250 mm, 100 mm). 

3.3 Discussions 

Regarding MR model, the following Preston’s law [7] has been widely used:   

        𝑀𝑅 = 𝑘𝑃𝑉𝑡                                                                (1) 

Here, k represents a coefficient including media hardness, P pressure, V velocity, and t 

processing time. By considering a constant value of k and t, PV values will influence 

the MR in this model. Using the values acquired in Fig. 6 and Fig. 8, PV becomes 0.8, 

1.4, 8.4, 1.2 when θ is 0°, 30°, 60°, 90° as shown in Table 2. To confirm the model, 

MR was measured experimentally. The titanium components printed using an electron 

beam, was polished by stream finishing for 45 min. using ceramic media. The result 

also showed that MR value reached the maximum when θ is 60°. Therefore, the exper-

imental result was agreed with the Preston’s law. Further calibration is necessary to 

estimate MR precisely. 

Table 2. Comparison of the calculated PV and measured MR (45 min.). 

Angle θ PV using Fig. 6 

and Fig. 8 

Measured MR 

0° 0.8 39.8 μm 

30° 1.4 43.7 μm 

60° 8.4 221.1 μm 

90° 1.2 21.4 μm 

4 Conclusions 

In this study, the granular pressure and velocity were measured using the prototyped 

tools. As a result, the recorded pressure increased with the submersion depth in the 

bowl. When changing the angle, the value became the maximum when θ is 0°. The 

media motion was successfully monitored by using a transparent container. The veloc-

ity became the maximum when θ is 90°. The influence of the submersion depth was not 

observed. By using these data values, a simple estimation using the Preston’s law was 

conducted, then, showed the agreement with experimental result using ceramic media.  

For the future work, the following activities have been planned: (1) simulating the 

media flow and subsequently upgrading it to MR model, and (2) predicting the toolpath 

using the MR model. 
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