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FIGURE 1: A Fr7FA.02, stage 1 bucket after 2

In this case study, specimens were removed from the root and airfoil, service intervals

and 2 heat treatments were evaluated, i.e. a 2050°F/2hrs + 1550°F/24hrs

versus a HIP Rejuvenation that exposed the material to 2200°F for 4

hours at 15ksi. In addition, tensile and stress rupture tests were conducted

as shown in Table 1. Tensile tests were undertaken at room temperature,

800°F and 1200°F. Stress rupture tests were undertaken at 1400°F/95ksi TABLE 1: Tensile and Stress Rupture comparison

and 1800°F/27ksi to ensure both a low temperature/high stress level and between certain repair heat treatments undertaken

high temperature/low stress level condition would be evaluated. on engine run airfoil and root material excised from
Fr7FA.02, stage 1 buckets

CONDITION OF MATERIAL | LOCATION OF | TEST TEMP | STRESS uUTsS 0.2% YS | ELONG RoA | HOURS TO

SPECIMEN °F Ksi Ksi % % FAILURE

Engine run 2 HGP intervals Root 70 N/A 172.4 135.8 7 11 N/A
2050F/2hrs + 1550F/24hrs Root 70 N/A 144.5 123.6 9 14 N/A
HIP Rejuvenated Root 70 N/A 148.2 126.5 9 10 N/A
Engine run 2 HGP intervals Root 800 N/A 142.8 124.8 8 12 N/A
2050F/2hrs + 1550F/24hrs Root 800 N/A 157.8 121.2 7 11 N/A
HIP Rejuvenated Root 800 N/A 139.9 110.4 9 14 N/A
Engine run 2 HGP intervals Airfoil 1200 N/A 161.6 124.2 6 8 N/A
2050F/2hrs + 1550F/24hrs Airfolil 1200 N/A 180.5 116.3 9 15 N/A
HIP Rejuvenated Airfoil 1200 N/A 181.2 118.6 7 12 N/A
Engine run 2 HGP intervals Airfoil 1400 95 N/A N/A 23 31 10

2050F/2hrs + 1550F/24hrs Airfoil 1400 95 N/A N/A 24 33 16

HIP Rejuvenated Airfolil 1400 95 N/A N/A 19 24 165
Engine run 2 HGP intervals Airfoil 1800 27 N/A N/A 31 35 32

2050F/2hrs + 1550F/24hrs Airfoil 1800 27 N/A N/A 28 49 32

HIP Rejuvenated Airfolil 1800 27 N/A N/A 27 35 100

HGP = Hot Gas Path, UTS = Ultimate Tensile Strength, YS = Yield Strength, Elong = Elongation, Temp = Temperature,
RoA = Reduction of Area, N/A = Not Applicable to that test (Tensile or Stress Rupture)
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As evident from Table 1, the airfoil material subjected to the HIP
Rejuvenation heat treatment had 3X the life compared to the standard
2050°F/2hrs + 1550°F/24hrs heat treatment when tested at 1800°F/27ksi.
In addition, the airfoil material subjected to the HIP Rejuvenation heat
treatment had 10X the life compared to the standard 2050°F/2hrs +
1550°F/24hrs heat treatment when tested at 1400°F/95ksi. This shows
the importance of heat treatment in the repair process of hot section
turbine buckets. The tensile test data evident in Table 1 shows that at
1200°F, there is no statistical difference between the HIP Rejuvenation
heat treated airfoil material when compared to the standard 2050°F/2hrs
+ 1550°F/24hrs heat treatment. Tensile properties are more important for
the root attachment area, and the data in Table 1 indicated that at room
temperature, the tensile properties of both the HIP Rejuvenated and the
standard 2050°F/2hrs + 1550°F/24hrs heat treatment are statistically

the same; whereas, at 800°F, the standard 2050°F/2hrs + 1550°F/24hrs

LARSON MILLER GRAPH FOR GTD111 VIRGINBASE METAL VS ENGINE RUN AIRFOIL MATERIAL VS HIP REJUVENATED AIRFOIL MATERIAL VS GTD111 MATERIAL
GIVEN A STANDARD 2050F/2HRS + 1550F/24HRS HEAT TREATMENT
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heat treatment gave better tensile strength values when compared FIGURE 2: (above) Shows that HIP Rejuvenated material
to the HIP Rejuvenated material. However, stress rupture properties as had the best stress rupture properties and is better than

virgin like base metal. The standard heat treatment of
2050°F/2hrs and 1550°F/24hrs does not rejuvenate the
base metal at all. Obviously, the engine run material has

seen in figure 2 are of more importance compared to tensile properties

on rotating hot section gas turbine buckets, and therefore the end user
preferred that the buckets be given a HIP Rejuvenation heat treatment
versus the standard 2050°F/2hrs + 1550°F/24hrs heat treatment in the
repair process of these buckets. It should be pointed out that the HIP heat
treatment is not the only heat treatment performed in the repair process,
so all specimens tested in this Case Study had 3 heat treatments following

temperatures and stresses had degraded the material.

the HIP cycle, namely:

1. A full solution heat treatment above the gamma prime
solvus temperature

2. A coating diffusion cycle

3. Anage heat treatment cycle

the worse stress rupture properties as the exposure to high
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Now Introducing HIP’ing Services in
our South Carolina Location

The One-Stop Shop
for Brazing, Heat

Accurate Brazing is a full-service vacuum brazing and heat
treating enterprise with over 30 years in the business. Over that
time, we’ve become adept at heat treating materials that include
stainless steel, super alloys, copper, and refractory materials.
Unlike competitors, Accurate Brazing has the

unique expertise, capacity, and equipment to take new
programs and get them into production quickly.

Treating, and Now,
Hot Isostatic Pressing.

Accurate Brazing Benefits
RAPID COOL

Our HIP furnace quenches (fast cools) after
holding at elevated temperature, resulting in a
good microstructure; whereas other suppliers
of HIP services cannot quench, requiring an
additional post HIP heat treatment to achieve
the desired microstructure costing you
additional time and money.

Due to an increasing need for perfect parts for demanding
industries such as aerospace, medical, and casting, Accurate
Brazing has recently invested Quintus in Hot Isostatic Pressing
(HIP) Technology in our Nadcap certified facility in South
Carolina. This will assist our customers with the need to get their
components quicker and cheaper.

DD Quintus

HIP AND HEAT TREATMENT
CAPABILITIES

e Max Pressure: 30,000 psi

e Max Temperature: 2,282°F
e Max Cooling Rate: 390°F

e Gas Chromatograph

e [ oad capacity 26”dia x 69”

TECHNOLOGIES
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