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ABSTRACT

Increase of combat capability through the lightweighting of vehicles has been internationally issued. One of the
methods for lightening is applying high hardness armor(HHA) steel which is outstanding ballistic performance and
protection performance compared to weight. Development of HHA steel is currently completed in America, United
Kingdom, Australia and Germany. It is used for not only combat vehicle, but also various combat device. Korea is
developing new material of HHA steel according to this trend. When such HHA steel is applied to structure,
welding process is used for connection of the structure. Cracks from hydrogen embrittlement and cold cracking are
easily generated in welds of HHA steel and it greatly affects the strength of all structure. Decrease of strength
from welding defect is critical to combat capability. Therefore, welding process optimization is important for
performing the role of structure. In this study, international welding technology is reviewed through scientific

research paper and patent.
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Table 1. Specification of high hardness steel

<)

of

SF—L
Rins

according to major nation'®®!
Hardness equivalences(HB)
DEF 8030 u.s .rTI1|||te.iry DEF STAN
(AUST) specification 95-24
(U.S) (U.K)
Class 2A :
260-310 MIL-DTL-12560J Class 2 Class 1
< 31.8 mm
Class 2B : 277-321) (262-311)
280-330
MIL-DTL-12560] Class 1 Class 2
< 127 mm < 9 mm
(341-388) (341 min)
Class 3 - 127 <t < 19.1 mm 9 <t< 15 mm
140390 (331-375) (311 min)
19.1 <t < 31.8 mm 15 <t <35 mm
(321-375) (285 min)
31.8 <t <50.5 mm 35 <t <50 mm
(293-331) (262 min)
Class 4 : | MIL-DTL-12560J Class 4B

No equivalent

370-430 (381 max)
Class 5 : | MIL-DTL-12560] Class 4A | , 5 34
420-480 (442 min) 5 <t<50 mm
(420-480)
Class 3
< 15 mm
Class § MIL-DTL-46100E (470-540)
470-535
15 <t <35 mm
(470-535)
Class 4
< 15 mm
I : '
Class 7 No equivalent (530-605)
530-605
15 <t <50 mm
(495-605)
Class § - No equivalent Class 5
560-655 1 (560-655)
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Fig. 3. Hardness distribution of HHA steel!'”’
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Table 2. Major industry for HHA steel
Nation | Manufacturer Model Hardness
Armox 500T 480-540HBW
Armox 600T 570-640HBW
Swenden SSAB
Ramor 500 490-560HBW
Ramor 550 540-600HBW
HHA 500 477-534HBW
Australia Bisalloy
UHH 600 570-640HBW
Armalloy5S00HH | 477-534BHN
EVRAZ Armalloy500HH+ | 530-570BHN
America Armalloy500UHH | 590-670BHN
Leeco steel MIL-A 46100 477-534BHN
Alro steel Armor 46100 477-534BHN
Secure 500 480-530HBW
German | Thyssenkrupp
Secure 600 570-640HBW
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Table 3. Major patent related welding of HHA steel

Application information |  Summary of patent content

= Patent country : * 8 s
EP To protect the vehicle from
* Patent date : landmines, weld 13 ~ 19 mm
1998.08.04 high  hardness  steel  like
* Patent number : sandwich. In this case, the inner
EP 19980114601 and outer steel plates are
welded on the basis of the

lattice-shaped steel material to
serve as shock absorbing shocks
from the explosion.

)

Application information

Summary of patent content

Patent country :
USA

Patent date :
1998.10.14
Patent number :
US 09/170972

I AACACE S

. e -

e 1

B anININE ) NS
Describing a method for a lap
joint, an angled joint, and a
multi-layer joint to combine
hardened steels used in ballistic
protection of vehicles.

Patent country :
DE

Patent date :
2005.03.24

Patent number :
DE 200510014298

It is a patent for the
manufacturing method of high
hardness steel used for the
protection of the vehicle. The
plate is manufactured by hot
forming and press hardening
method. The plate is made of 4
~ 15 mm thick and materials
such as ARMORS 500T, 560T
and 600T of SSAB or SECURE
400, 450, 500 and 600 of
ThyssenKrupp steel are used.

Patent country :
USA

Patent date :
2006.03.23
Patent number :
US 11/387444

It is a patent for welding
method using ARMORX 500T,
560T of SSAB company known
as Armor steel and SECURE

Patent number :
EP 20130827556

400, 450, 500, 600 of
ThyssenKrupp steel.
« Patent country : Ceramic, hardened steel and
EP e FRCC are wused for military
et e s e protecon
2013.08.05 P '

Patent for jointing and fastening
method (welding and brazing,
bolting)

Patent country :
CN

Patent date :
2016.07.08

Patent number :
CN 201610539596

It is a patent describing welding
process according to joining
method such as butt welding
and lap joint welding when
laser and GMAW are used to
produce high hardness
bulletproof plate.
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Table 4. Weld hardness according to process and
materials

Weld
hardness
[HV]

311

Process Welding material

Low hydrogen ferritic steel
SMAW

Austenitic stainless steel 261

Low hydrogen ferritic steel 294

FCAW

Austenitic stainless steel 245

Autogenous 500-570

Laser
Welding

Ferritic steel 440

Austenitic steel 410

Friction Stir
Welding

Autogenous 575

Laser & Arc

hybrid welding 494-500

Ferritic steel
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