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&’ About 1w

* Israeli Weapon Industries (IWI) a world leader in innovative small arms

» Designs, produces and sells small arms
* The IWI product range and accessories are deployed by the IDF and many other leading

security organizations.
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ﬁgsmi% Simulations

» Synchronization is necessary for functionality.
« Short time events + very high impacts.

* MotionSolve, Radioss and HyperStudy.
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B a1t
o Motivation
o

» Every new product being simulated before single part is manufactured.

* Modeling correct boundary conditions is essential for understanding true behavior.
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= Problem definition

[l
i

[Motion solve
* Full magazine MBD simulation.

* One cycle Explicit simulation. / \
* Optimize Non Rigid Boundary conditions. ,

 Drop/Failure Simulation — —
Radioss ‘ [Radioss ‘
—

\ -
HyperStudy
J
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% Preliminary work

* Gun powder calibration

w PROJEGTILE
P=A(1— —Ry
.

1.. ;
)'L\ N

Figure 1-2. Pressure in Chamber.
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% Preliminary work

i Gun pOWder Calibration Pressure and Mechanical Workvs. Velume
—Prassure —— Machanical Work
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Preliminary work

Gun powder calibration
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Preliminary work

Cantour Flot 1: SPH_Bullet_Detonation_09041g]
StrainfvonMises) Loadcase 1 : Time = 0.0000e+000 : Frame 1
. . Analysis system
« Gun powder calibrationys:=
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Preliminary work

* Dynamic behavior calibration

1: Fiting_260418
Loadcase 1 : Time = 8.0002e-001 : Frame 5
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@ Preliminary work

© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Slide velocity Vs. time

« Dynamic behavior calibration

Velocity [nm/msec]
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125

14 155 17 185 20

Israel 2019 7\ | ATCX



© 2019 Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

6% Multi Body Dynamics

£

* Using scripted simulation

LrEdloiry die

element_tppe=  "SENSOR"

element_id= "zen 3001 _distance.idstring}
iy
Lhctivate

element_type= "SEMSOR"

element_id= "fzen 3000 _for_return.idstring
Ay
<Simulate

analyziz_type = "Tranzient"

duration= 40"

print_interval= 028"
e
e aystemn BQUITBIUML ..o -
<Deactivate

element_tppe=  "SEMNSOR"

element_id= "zen_3001_for_return.idstring}
!
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@% Multi Body Dynamics

* Using localized contacts

* Meshing only valuable for
contact regions

* Faster run times
* Less numerical problems

*  Runtime —

40 msec in 12 minutes
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Non Rigid Boundary Conditions (NRBC's)
L Ll

* Human hand is a set
of Spring-dampers
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Non Rigid Boundary Conditions (NRBC'’s)

Michael J. Fu, IEEE M. Cenk Cavusoglu

“Human Arm-and Hand Dynamics Model with Variability Analyses for a Stylus-base Haptic
Interface “

FPhantom Fsensor
Fig. 1. The experimental setup and arm configuration used for the human

Phantom Farce
Sensor
experiment data collections.
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Non Rigid Boundary Conditions (NRBC's)
TABLE 1

ARM STRUCTURE PARAMETERS — GRIP FORCE DEPENDENT MODELS

Human Arm-and Hand Dynamics Model with

X-axis | M (kg) k1 (N'm) ko2 (N/m) by (N-s/m) bz (N-s/m)

Variability Analyses for a Stylus-base Haptic IN | 02892 4284 9945 2,998 5802
2N 0.2869 448.6 93.93 2.443 5.698
I nte rface 3N 0.2731 455.5 96.17 2,325 5.629

Y-axis M (kg) k1 (NMm) k2 (N'm) by (N-s/m) bz (N-/m)

i IN 0.4602 469.69 121.8 7.063 3.996
Michael J. Fu, IEEE M. Cenk Cavusoglu N | 0ases  coses  1ma  soo - oo
3N 0.4186 671.20 126.0 5.858 6.410

Z-axis M (kg) k1 (N/m) ko (N/m) by (N-s/m) ba (N-s/m)

IN 0.2115 843.1 323.9 0.7093 19.42

2N 0.2525 868.3 332.8 0.5882 19.90

3N 0.2353 855.1 355.1 0.4925 20.56
TABLE 11

NOMINAL ARM MODEL PARAMETERS

Axis | M (kg) k1 (N/m) k2 (N/m) by (N-s/m) bs (N-s/fm)

X-axis 0.2179 379.5 78.75 1.839 4.645
Y-axis 0.2692 552.4 105.3 3.609 6.430
Z-axis 0.2041 769.9 2717 0.7764 18.06
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HyperStudy
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Measure Plot

Length (mm)
100 120

40 60 80 140 160 180
88 100
— Marker:0
Marker:1
86 Marker2
e 95
82
90
80
— —
E c
Ee H
e [
=3 = %
76 / =
a4 f >
74
a0
72
70
75
68 ’
70
10 8 -6 -4 2 4 6 8 10

0
X Axis (mm)

Israel 2019 A\ ‘ ATCX

S GROUP MEMBER



HyperStudy

* Parameters

Klr Cl
Wrist
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Limiting 20 deg
rotation

%RBE 5 & Free to rotate

90 deg
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Boundary Conditions

Free to rotate
Fixedin YZ

1D

Spring 1D

0-DOF

Spying
Fixed
/ XYZ

fixedinYZ
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E@& NRBC’s Results
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1: HandSpring_Cstudy_2_010919
Loadcase 1:Time = 0.0000e+00 : Frame 1

1: HandSpring_Cstudy_2_010919
Loadcase 1:Time = 0.0000e+00 : Frame 1
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{!): Bonus
1: frequency_response_4066Closed_110618
Loadcase 1: Time = 0.0000e+000 : Frame 1
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Conclusions

« Complete firearm development using Altair HyperWorks
* HyperStudy — a valuable tool

* NRBC’s — better approximation to the real conditions
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