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A Study of Frangibility of 9MM Bullet Related to Material
Composition and Sinter Condition
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Abstract Frangible bullets, which are shredded after impact on a target, reduce the possibility of both
ricochet and unexpected injury in shooting training and in mission acts in dams, nuclear power plants,
and cultural properties. Reducing the levels of hazardous materials in shooting ranges, such as lead, has
become an important agenda for the government and environmental groups. In this study, the shape of
a frangible bullet was designed for efficient shredding, and the safety and reliability were confirmed by
actual firing under different process conditions. In addition, the physical characteristics, such as
compaction pressure, density, and frangibility of each process, were compared by analyzing the
microstructure of the sintered frangible bullet. The experiment revealed the smallest fragmentation after
impact on the target under the following conditions: Cu-Sn 85:15; sintering temperature, 600°C;
sintering time, one hour. Further development of the process conditions and experimental methods will

contribute to the performance and environmental improvement of a frangible bullet.
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Fig. 1. Frangible bullet shredded image[3]
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Fig. 2. 9MM Frangible bullet test procedure
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Table 1. Test items and quantity for safe and accurate

test

No. Test Items Quantity
1 Visual and gauge measurement 725
2 Traction power of bullet 60
3 Residual Stress 60
4 Velocity 60
5 Pressure of breech 60
6 Accuracy 75
7 Function 425
8 Safety 25
9 Fragmentation 20
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Table 2. Kinds of propellant and it's characteristic
Items 9MM Normal 9MM Frangible
propellant PMC7209 PMC1210
Weight 4.7 ~ 5 grain 6.9 grain rb" —
Velocity 343 + 15 m/s 365 + 51.2 m/s Bullet
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Table 3. Sintering temperature and time

SZIJ\]T;? le (Cu/Sn) Temp. Time
#1 85:15 400°C 1 hr
#2 85:15 500°C 1 hr
#3 85:15 600°C 1 hr
#4 80:20 400°C 1 hr
#5 80:20 500°C 1 hr
#6 80:20 600°C 1 hr
#7 90:10 500°C 0.5 hr
#8 90:10 600°C 0.5 hr
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Table 5. Comparing 9MM normal and fragible bullet

Charactor 9MM Normal 9MM Frangible
Shape
Weight 1135 ~ 116.5 97 ~ 103
Length 14.79~15.29 16.1
Diameter 9.010~9.028 9.010~9.042
c . Pb, Cu, Zn, Sb Cu, Sn
omponents (Metal) (Metal powder)
Frangibility - Under 10% fragments
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Table 6. Compaction pressure

Table 7. Velocity test result

Sample No. (Cu/Sn) Comp. Pressure (psi) No. Quantity Test Result (ft/s)
#1 85:15 325.04 ! 0 Ave. Velocity @ 1,198
#2 85:15 1495.30 Standard Deviation : 10
#3 85:15 990.61 2 20 Ave. Velocity @ 1,200
#4 80:20 396.26 Standard Deviation : 8
#5 80:20 1462.15 3 - Ave. Velocity : 1,201
#6 80:20 1203.75 Standard Deviation : 13
#7 90:10 201.15
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Fig. 3. Frangible bullet experimental procedure

diagram
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Table 8. Pressure of breech test result

No. Quantity Test Result (psi)

1 20 Ave. Pressure @ 29,900
2 20 Ave. Pressure @ 29,700
3 20 Ave. Pressure : 30,200
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Table 9. Function and accident test result

Gun Quantity Test Result

Cartridge Case Jam and

213 Tear : Qualified

K5

Cartridge Case Jam and

212 Tear : Qualified
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Fig. 5. Test procedure and result
Table 11. Fragmentation test result

Table 10. Accuracy test result

Sample . Comp. Max.
No. (Cu/sn)| Temp. Time Pressure Fragment
No. Quantity Test Result #] 85:15 | 400°C 1 hr 325.04 _
1 25 Ave. Max Accuracy @ 1.3in #2 85:15 | 500°C 1 hr | 149530 5.984gr

#3 85:15 | 600°C | 1 hr | 990.61 3.10gr
#4 80:20 | 400°C 1 hr 396.26 -
3 25 Ave. Max Accuracy : 1.2in #5 80:20 | 500°C 1 hr | 1462.15 3.538gr
#6 80:20 | 600°C 1 hr 1203.75 3.12gr
#7 90:10 | 500°C | 0.5 hr | 201.15 -
#8 90:10 | 600°C | 0.5 hr | 361.02 -

2 25 Ave. Max Accuracy : 1.6in
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Table 10. Comparing result of normal and frangible

bullet
Bullet | Components Fragments Max Size
Normal |Pb,Cu,Zn, Sb Over
Warhead (Metal) 10gr
Cu,Sn
Frangible ’
Warbead ('POW('iEI' 3.10gr
Sintering)
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