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The study on Accelerated Life-Time Reliability Test Methods of
Ni-Mn-B temary alloy Plating(electrodeposit)
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'Korea Conformity Laboratories
Department of materials Science and Engineering, Chungbuk National University
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Abstract Steel companies are applying Ni-B or Ni-Co alloy plating to protect the surface of Continuous casting mold,
and they are using saccharin polish which causes crack on plating layer due to sulfur in saccharin. It is considered
that the Ni-S compound causes the cracking and additional tensile stresses. The Ni-Mn-B ternary alloy plating was
developed for suppression of crack by forming Mn-S compound before Ni-S compound is formed, but there were
no domestic or international standard on the Ni-Mn-B alloy plating. Therefore, reliability evaluation standard was
established to evaluate the newly developed Ni-Mn-B plating. To develop accelerating life testing method,
FMEA(Failure Mode & Effective analysis) was used to analyze the cause of the main failure in plating. The Ni-Mn-B
reliability standard included accelerating life test method, and it was categorized by the fundamental performance test,
environment test, and accelerated life test, and was designed to guarantee 1 000 hours of B10 life with 80 % reliable
level.

Key Words : Accelerated Life-Time; Continuous casting mould; FMEA(Failure Mode & Effective analysis);
Reliability test; Ternary alloy plating
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Table 1. Requirements(Stresses and Performance) and
Failure Modes/Mechanisms Matrix

Failure Modes/
. Mechanisms Crack Fracture
Requirements

(Stresses and Performance)

Thermal Shock [©]
Internal Stress o
Pin Hole &
* relative to reliability : © Most important O important
<> normal

* failure modes/mechanism represents features that occur from
corresponding parts-materials

Table 2. Failure Modes/Mechanisms and Test Methods

Matrix
Failure Thermal Internal .
Mode Shock Stress Pin Hole | Total
Crack O(10) O(10) (5) 25
Detachment O(10) o(7) %(3) 20
Total 20 17 8 -

* relative to reliability : © Most important O important
<> normal x less important

* failure modes/mechanism represents features that occur from
corresponding parts-materials
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Table 3. FMEA of Three-phase Plating for Continuous
Casting Mould (Failure Mode & Effective

Analysis)
Failure Presumed Cause of Effect of Detection
Mode cause failure failure method
High crack on copper
temperature | plating layer | deformation
fragility of due to due to observation
Crack | sulfur which |thermal shock| molten metal
. . . . by eye and
failure | remains on and infiltrating .
. . microscope
plating layer | cumulative through
and causes thermal cracks on
fracture fatigue plating layer
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Table 4, Stress level decision for accelerated life test

Factor o

Level Temperature (C)
Level 1 400 C
Level 2 600 C

Table 5. Test result for 400 C, 1 hour thermal shock test

Sample 1] 2] 3] 4]5]6]7|8]9]10
number of
eyeles when 1ol 49| 570 60| 62| 64| 65| 70| 71| 74
crack first
occurred

crack first occurred after 62 cycles

-

crack first occurred after 70 cycles |crack first occurred after 74 cycles

Fig 3. Fracture picture(x50) after 400C thermal shock
test
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Table 6. Test result for 600 C, 1 hour thermal shock test

Sample 11 23| 4]5]6| 7| 8] 9|10

number of

cycles when
crack first
occurred

13 15] 17| 18| 20| 21| 23| 16| 18| 22

crack first occurred after 15 cycles|crack first occurred after 20 cycles

crack first occurred after 22 cycles|crack first occurred after 23 cycles

Fig. 5. Fracture picture(x50) after 600 C thermal shock test
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