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ABSTRACT – In order to improve the mechanical 

properties of sintered machine parts, it is essential to 

obtain high dense green compacts through sufficient 

understanding of raw steel powder's characteristics. In 

this study, we evaluated flowability and friction 

characteristics of steel powders experimentally, and the 

powder yield locus method enabled collection of data 

corresponding to the actual powder behavior in the 

mold. Furthermore, we applied these data to our own 

discrete element method code and evaluated the 

accuracy of powder simulation. 

 

1. INTRODUCTION 

The sintered metal process is a manufacturing 

method that can produce complicated shaped machine 

parts in large quantities at low costs. Replacement of 

cast steel parts with sintered steel ones is progressing, 

mainly for automobile engines. In recent years, in order 

to reduce the production costs, sintered parts with 

higher strength or with more complicated fine shapes 

are desired [1-2]. For that purpose, it is required to 

achieve densification, reduction of pore size, and 

uniform filling to the mold. So far, application of 2P2S 

(double pressing/ double sintering) process, Hot 

Isostatic Pressing (HIP), or Spark Plasma Sintering 

(SPS), etc have been studied [3-5]. However, these 

processes cannot utilize the advantages of sintered metal 

processes such as low manufacturing costs and near-net-

shape manufacturing. In addition, sintered steel shows 

much less densification during sintering than ceramics. 

It is therefore necessary to understand the powder 

characteristics of raw steel powders in detail, especially 

flowability and friction characteristics. Conventionally, 

steel powders for sintered metals have been evaluated 

with flowability and angle of repose by using a funnel. 

But with these indexes it is difficult to understand the 

powder characteristics sufficiently, because there are 

cases that some highly adhesive powders cannot flow 

out from a funnel, or that clear numerical difference 

cannot be seen.  

In this study, in order to produce a homogeneous 

and dense green compact with small pores by 1P1S 

process, which can take full advantages of sintered 

metal, we evaluated the flowability and friction 

characteristics of raw steel powders in detail. 

 

 

2. METHODOLOGY 

2.1! Samples 

Two types of steel powders (Sample A and B) were 

prepared. Raw material of both samples is Fe-Ni-Mo 

steel powder with maximum particle size of 200 mm. 

Sample A is without additives, and B is with additives. 

The additives are graphite powder (D50 = 10 mm) as the 

carbon solid solution source, and amide wax-based solid 

lubricant powder (D50 = 2 mm) for decreasing the inter-

particle friction or friction between particles and mold. 

The additives were mixed for 30 minutes in a V blender 

and uniformly dispersed. 

 

2.2! Evaluation methods 

Powder characteristics were evaluated by two 

methods as follows. One is a conventional method for 

measuring flowability and apparent density using a 

flowmeter with a funnel, as standardized by JIS Z 2502 

and 2504 (Figure 1). The evaluation indexes in this 

method were flowability and apparent density. They 

were evaluated by the required time and the filling 

fraction to the cup when a predetermined amount of 

powder falls by its own weight from the funnel. 

The other is a method using a powder yield locus 

(PYL), which is used in the field of powder engineering 

(Figure 2). The evaluation indexes in this method were 

flowability (uniaxial collapse stress), inter-particle 

friction (internal friction angle), and friction between 

particles and mold (wall friction angle). They were 

measured from the torque when the mobile cell was 

rotated while the fixed cell was pushed with various 

normal loads against the powder layer filled with its 

own weight. The smaller these indexes are, the better 

the powder characteristics are.  

 

 
Figure 1 Schematic of funnel method. 
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Figure 2 Schematic of PYL method. 

 

3. RESULTS AND DISCUSSION 

In the funnel method, sample B with additives was 

worse in flowability and apparent density was higher, as 

shown in Table 1. Practically, however, additives, 

especially lubricants, are essential for reducing the inter-

particle and particle-mold friction during compaction 

process. That is, the results via this method don’t reflect 

the actual powder behavior in the manufacturing 

process. 

 

Table 1 Powder properties by funnel method. 

Sample A B 

Flowability, s/50 g 33.5 39.5 

Apparent density, g/cm3 3.0 3.2 

 

In the PYL method, the sample A without additives 

showed better flowability under low normal loading, but 

the flowability reversed under high normal loading 

(Figure 3). The low normal loading is a condition close 

to the self-weight fall of the funnel method, which is 

consistent with the results shown in Table 1. The high 

normal loading is a condition close to when the particles 

are compacted and rearranged in the mold. The results, 

the sample B with the additive has better flowability and 

friction characteristics, match the real powder properties 

in the manufacturing process. 

 Furthermore, with this method, indexes of inter-

particle friction, and friction between particles and 

mold, which cannot be measured by the funnel method, 

could also be measured (Figure 4). Sample B with 

additives showed lower friction in both indexes under 

all normal loadings. These results also match the 

powder behavior in the manufacturing process. 

 

 
Figure 3 Flowability by PYL method. 

 
Figure 4 Inter-particle and particle-mold frictions 

by PYL method. 

 

We applied these results to the discrete element 

method code, which we created using FDPS 

(Framework for Developing Particle Simulator). FDPS 

is designed to reduce the calculation load at the time of 

region division and interaction calculation by 

constructing a tree structure! [6]. In the conference 

presentation, we will also show examples of powder 

simulation by this code. 

 

4. CONCLUSION 

The powder properties of the steel powders were 

evaluated by both the conventional method using a 

funnel and the powder engineering method using PYL. 

By using the PYL method, it was possible to evaluate 

even highly adhesive powder which cannot be evaluated 

by the funnel method. The PYL method made it possible 

to evaluate the characteristics reflecting the actual 

powder behaviour in the manufacturing process. 

Applying the powder characteristics obtained in this 

study to the powder simulation will improve simulation 

accuracy. 
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