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A Study on the Nondestructive Test Optimum Design for
a Ground Tracked Combat Vehicle

AW AR ABE* AAGex, gt

’

Byeong Ho Kim*, Jae Hyun Seo*, Hyeon Jun Gil*, Seon Hyeong Kim** and Sang Chul Seo*** T

=)

=, A D AR B AGARAT I A E wA AL g HE
HlshE g aare] 7B aae
= AF Hgen, o Ful ARA=ATAN 7] AEA FRiAeE 48
Warg W AN AL J)E Fe ol H8Fo| NASAI00]
gtk Aol g AWt AFe AFLol AGHE Al BEE
Py Agstel AF A D ANYS A5

o Wi

o

GE PN FETA0R BF
CEIEEREE 3

Abstract In this study, a nondestructive test (NDT) is performed to inspect the optimal design of a ground
tracked combat vehicle for self-propelled artillery, tank, and armored vehicles. The minimum qualification required
for personnel performing the NDT of a ground tracked combat vehicle was initially established in US military
standards, and then applied to the Korean defense specifications to develop a ground tracked combat vehicle.
However, the qualification standards of an NDT inspector have been integrated into NAS410 through the military
and commercial specifications unification project that were applied in the existing aerospace/defense industry public
standard. The design method for this study was verified by applying the optimal design to the liquid penetrant
testing Al forging used in self-propelled artillery. This confirmed the reliability and soundness of the product.
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Table 1 The applicable NDT standards of military
supplies

Standards

Number Tidle

Inspection Process of Magnetic for

KS W 4041
Aerospace Use
KS W 0914 Liquid Penetrant Inspection for
Aerospace Use
KS W 0913 Radiographic In.spection .for
Aerospace Quality Materials
Aerospace Nondestructive Inspection
KS W 0915 Personnel Qualification and

Certification

Inspection Process of Magnetic

KDS 0110-0003 .
Particle

KDS 0110-0002 Inspection of Liquid Penetrant

KDS 0910-0001 Inspection of Radiographic

MIL-I-6868 Inspection Process, Magnetic Particle
MIL-I-6866 Inspection, Liquid Penetrant
MIL-1-6865 Inspection, Radiographic
MIL-STD-410 Nondes.tmctlye Testing Pers.onnel
Qualification and Inspection
NAS410 NAS Certification & Qualification

of Nondestructive Test Personnel
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Table 2 The NDT methods and characteristics of ground tracked combat vehicle
Methods Positions Applications Characteristics
- Visual testing requires adequate illumination of the
. test surface and proper eye-sight of the tester.
Visual Welding/Casting/Forging/ - It requires training (knowledge of product and
Testing Surface . process, anticipated service conditions, acceptance
(V1) Machining criteria, record keeping, for example)
—It has its own range of equipment and
instrumentation.
These processes are applicable for the detection of
Liquid discontinuities, such as lack of fusion, corrosion,
iqui .
pengtrant Welding/Casting/Forging/ cracks, laps, cold shuts, and porosity.
Testin Surface o — Open or connected to the surface of the
(PT)g Machining component under examination.
* It is available for all the materials except of
porous metal
- The magnetic particle testing method is used to
detect cracks, laps, seams, inclusions, and other
Magnetic discontinuities on or near the surface of
particle Surface/ Ferromagnetic material: ferromagnetic materials. -
Testin : : - Magnetic particle testing may be applied to raw
2 Subsurface — Fe, Ni, Co, etc ) . . Rt
MT ubsw ’ material, billets, finished and semi-finished
(MT) materials, welds, and in-service parts.
* It is not applicable to non-ferromagnetic metals
and alloys such as austenitic stainless steels.
- The requirements expressed in this practice are
Welding/Casting/Forging/ intended to control the quality of the radiographic
. - ) images
Ra%leos%ir;lphy Inner part Machining/Complex assemblies, | - And are not intended to establish acceptance criteria
(RT)g P etc for parts and materials.
—It is applicable to all types of materials.
—It is possible to detect of micro crack size and
figure.
- It uses high frequency sound waves (typically in
the range between 0.5 and 15 MHz) to conduct
Ultr - Welding/Casting/Forging/ examinations and make measurements.
asonic .. . . - Ultrasonic testing is based on the capture and
Testing Inner part | Machining/Rolling/Thickness of . . .
(UT) i quantification of either the reflected waves
Coating, etc (pulse-echo) or the transmitted waves.
—Ultrasonic  inspections  for  crack  detection,
corrosion testing, and thickness testing.
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Table 3 The qualification and certification of personnel for the NDT by the SNT-TC-1A and NAS410

Experience (h) Specific Examination (n) Practical Examination
Method Minimum Requirements for Level 2
SNT-TC-1A | NAS410 | SNT-TC-1A NAS410 SNT-TC-1A NAS410
RT 840 1600 20 30 Inspecting at least 2 test
Inspecting at one test samples of differing
UT 840 1600 20 30 specting at one tes configurations for each
samples of differing -
configurations for each method, with at least
MT 280 530 20 30 methgg one test sample for each
’ technique for which
PT 210 400 20 30 certification is sought.
Table 4 The differences of quality assurance by the SNT-TC-1A and NAS410
Standards Procedures Work Instruction
No a written general “how to” instruction for . .
SNT-TC-1A conducting a given process (MT, PT, RT, etc). There is no such requirement.
A document detailing the NDT technique and
A written general “how to” instruction for testing parameters to be used for the
conducting a given process (MT, PT, RT, etc) inspection of a specific component, group of
NAS410 P gag P AP i : parts (e.g. “aluminum extrusions” or “steel
rocedures are then used to develop work 5 :
. - brackets”), or assembly. These are sometimes
instructions. : - « -
referred to in the industry as “technique
sheets” or “data cards”.
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Table 5 The methods and techniques of the NDT

Methods

Techniques

Visible dye

Liquid penetrant Testing
PT)

Fluorescent dye

Water washable

Water suspendable Developer
Nonaqueous Developer

Solvent-removable
Post-emulsifiable
(lipophilic/hydrophilic)

Water suspendable/soluble

Developer

Dry powder Developer
Nonaqueous Developer

Wet Particle
Magnetic particle
Testing
(MT) Dry Particle

Yoke

(longitudinal/circular

magnetization) Coil,

Central Conductor Method

Fluorescent Continuous Induced Current Magnetization

Fluorescent Residual

Fluorescent Dry Particle

Non-fluorescent
Particle

Non-fluorescent Magnetization Particle

Radiography Testing X-ray Generator
(RT)

Conventional X-ray Inspection
Industrial X-ray film use (KODAK, Fuji, etc)

Radioisotope

Radio-isotope (Ir-192, Co-60, etc)

Pulse Reflection
Ultrasonic Testing

Transmission

Resonance

Vertical beam methode
Angle beam methode

Flat-Bottomed Hole
Back-Wall Reflection
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Slage 7. T1=

Stage 8. #&lx 2l

Stage 6. T & T M

Stage 9. &

Fig. 1 The procedure of water washable fluorescent penetrant testing method by optimum design
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Table 6 The classes of casting for NDT

Classes Classification

A casting, the single failure of which

1 would endanger the lives of operating
personnel or cause the loss of a missile,
aircraft or other vehicle.

1907, Grade Ci= Table 49} o, Alg A3 19
A AAE BT Grade B ol o® tAE

sheie.

Table 7 The grades of function / items for NDT

A casting, the single failure of which
would result in a significant operational
penalty. In the case of missiles, aircraft,
and other vehicles, this includes loss of
major components, unintentional release or
inability to release armament stores, or
failure of weapon installation

components.

Castings not included in Class 1 or Class
3 2 and having a margin of safety of 200%
or less.

4 Castings not included in Class 1 or Class

Grades Classification

The highest quality grade of casting, or
area of a casting, with minimum allowable
discontinuities and very difficult to produce
except in local areas.

The second highest quality grade of
casting, or area of a casting, which allows
B slightly more discontinuities than grade A,
and difficult to produce, except in local
areas.

A high quality grade of casting, or area of
C a casting, that can be consistently
produced.

The lowest quality grade of a casting, or
area of a casting, that is easily produced
D and is used primarily for low stress or
noncritical areas adjacent to the higher
graded areas.
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Table 8 The acceptance criteria for PT (MIL-STD-1907, forging)

Type Discontinuity Grade A Grade B Grade C
. 0.8 dia 1.2 dia 1.6 dia
Rounded Inclusion Surface
D-3* D-3*
. . 3.2 long 9.5 long 19.1 long
Stringers Inclusion Surface
DD-1* DD-1*
. 12.7 long 25.4 long 38.1 long
Unmachined surfaces
DD-1* DD-1*
Seam or Laps
. 6.4 long
Machine surfaces 0
DD-1*
Propagating Cracks, Flakes, 0 0
Discontinuities Lamination, etc

* Discontinuities designations signify the following:

D-3: Discontinuities no closer to each other than three times the maximum size.

DD-1: Discontinuities no closer to each other than 12.7 mm linearly and 6.4 mm in a parallel direction.

DD-2: No more than two indications.
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