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Abstract: Nozzle Guide Vanes (NGVs), made from Nickel-based superalloys, are a key component in aircraft engines produced by Rolls-Royce. Wide
Gap Brazing (WGB) is a repair method used by Rolls-Royce for NGV repair because NGVs are non-weldable and expensive to replace. Wide-gap
brazing is a joining mechanism, like soldering, but occurs at temperatures above 450°C. While the basics of this practice have been studied, the limits

have not been completely determined, specifically geometric effects during brazing. This project served to determine the limits of wide gap brazing with This work Is sponsored by
respect to angle of the part during the braze. The goal was to standardize the brazing process for Rolls-Royce, as nozzle guide vane repairs involve RoIIS-Royce Corporation
brazing on complex angled surfaces. During this process, we also investigated how the surface roughness of the sample surface affects the braze. _ _ ’
While Rolls-Royce uses wide gap brazing for many different purposes, our focus was on brazing under different surface conditions to understand Indlanapolls, IN

braze-substrate interactions, rather than any repair of cracks or deformations. The findings of this project will help to increase brazing quality, reduce
costs, and establish more robust industry-wide standards.

Background and Objectives Results Discussion

Single-crystal nickel-based Braze Movement: o Wetting Angle: For the 0° and bottom 80° samples, the braze angle
superalloys are critical materials in gas p o0 increases with roughness for both braze types due to higher surface
turbine engines, valued for * ANOVA two-way test showed: gjj 0 area, retaining more braze before spreading. This trend does not
their resistance to high temperatures, * Length cha_ngg cqgsed by f 0 appear in top angles, where upward braze movement is driven by
mechanical stress, and corrosive paste type is significant at all = . I surface energy against gravity, producing similar wetting angles.
environments. Rolls-Royce relies on 3”9'63 _ , K - 0 0 Variation in 40° brazes due to some Type 2 brazes reaching the top of
these alloys in turbine components o * 80" angle is only instance of e e Arge € the substrate and discoloration of the LTP occurring in both Type 2 and

Figure 1: Examples of braze application S|gn|f|cant |ength Change mBraze Type2 mBraze Type 3

such as nozzle guide vanes, which Type 3 40° brazes from suspected contamination of the alumina boats.

on a turbine vane. From left to right. caused by substrate roughness  Figure 6: Study of brazing furnace angle

experience significant degradation dimensional restoration, crack repair, Tvoe 2 paste had tor lenath on average length ohange of braze At 40° and 80°, the bottom wetting angle exceeds the top due to gravity
over their service life. feature replacement czgigeaﬁ:netypa)e grienaa(?lrcgggs material on substrate, comparing braze and surface energy acting downward. For bottom 40° and 80° brazes,
Wide-gap brazing is a cost-effective repair method that restores . Greatest average length change type 2 and 3. Type 3 had higher wetting angles than Type 2 due to its greater HTP

content restraining LTP from spreading. This reverses at 80°, where
Type 2 is higher as more movement causes more braze to pile up.
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damaged surfaceg \{Vlthogt replaglng eqtlre components. A hyprld observed at 40° with type 2 paste,
braze paste containing high melting point (HTP) and low melting 89.2%

point (LTP) particles is applied to the substrate before being . Second largest was 80° type 2
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solidification bonds the materials to the substrate. elongation for roughest condition, e S o Bottom
R . 98% for intermediate roughness sprezeType2 mBraze Type 3
00000 S— L S 71 Figure 7: Comparison of substrate
i - > — T Wetting Angle: p y Figure 12: Profile of type 2, Sgcfé g Z’ fef?ﬁi? V;/Zhag‘l;; 7;/;%% .bfaze angles, and horizontal
binttal Conditon [ | 2:LTP Partces Melt_ || 5 Densifcaion E / / E % g - i Braze Movement: The interaction between paste type and length
> LG o | 2 N change was significant across every sample revealing key differences:
i 3 | Vak=: i « Type 2 paste had consistently greater length change than Type 3 due
: e /rl § n + to its lower HTP content allowing the material to melt and spread
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« Surface roughness was only significant at 80° where gravity and

Figure 2: lllustrated cross section of two figure 3;hNigke/ Borc;rzj ;f)hal:se diagram rel?ti/zg o s s 4+ deeper grooves in the samples drove the braze downhill. Higher
surfaces (Base Material) being bound via stages in the braze solidification sequence to the £ @ : :
brazing [2] phase composition of the material (right) [2] S ) N rougrtlln?s?j alsc; |Ir|1.crzaszd movement via greater surface energy from
: : - = unsatisfied metallic bonds. EEEPpaste Tvpe 2! ~ta Toee
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« Determine the impact of angle (0°, 40°, 80°) on braze paste A _ 9 9 ] | :
increased from 0° to

movement, wetting angle, and interface quality.

= o . .
- Assess the role of surface roughness on braze effectiveness : ¢ ¢ 40°, with little change
o Rt " t between 40° and 80°
« Compare performance between Class 2 (60% HTP / 40% LTP, low =R233h2§222 r !
viscosity) and Class 3 (70% HTP / 30% LTP, high viscosity) pastes | e suggest n gl'n(?t ob
- Provide Rolls-Royce with actionable best practice S R A S g]?for?e rfic imit to braze
recommendations for wide-gap braze repair Figure 8: Graph of wetting angle across different brazes and conditions: braze angle, chiecliveness.

« Horizontal spread was
minimal at 0° but grew
with increasing angle
size and braze

orientation, roughness, and braze type.

Both braze types in braze angle 0° and the bottom angle of both
braze types in braze angle 80°, as the roughness of the sample
increases, the wetting angle increases. Braze angle 40° has the

MEthﬂds highest wetting angles while have the most variation and missing some _IrPyc;veerzng?ggf Seen i - _ | ) |
data of the braze type 2 top angle date due to faulty data. - Figure 13: Before and after images of 40" type 2 and 3 braze.
_ Braze Dimensions: Braze Quality: Optical microscopy confirmed successful brazing
Sample Preparation: . B across all samples, with a strong substrate-paste interface throughout.
Eighteen 1x1in single-crystal . : T 0 Regardless of surface roughness, both materials bonded identically
nickel superalloy tiles were polished . . across the target area with no cracks, gaps, or separation,
with 400 grit sandpaper on a £ ., . X e demonstrating the flexibility of this repair process.
polishing wheel to establish a . , + . ° Y ¢
baseline roughness for all the 5 —— . oo oo

samples. Once brought to 400 grit, .

Samp|es were Separated into three Figure 4: Roughness characterization of samples.
groups of six using 320 grit, 150 grit, and 60 grit sandpaper to

produce low, intermediate, and high roughness conditions

respectively (RO, R1, R2). The surfaces were characterized at 5
locations per sample using a Zygo Optical Profilometer before

: Conclusions & Future Work
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Surface roughness, braze viscosity, and angle all had minimal
X impact on brazing quality across all configurations, suggesting wide
gap brazing operates within a wide processing window, with no limits
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normalization, after normalization, and after roughening. For each _found within the bounds of our experiment.
surface profile map, two line profiles were used to calculate Ra (uin) " aigmes Further characterization of the brazing process is still necessary. A
values. oos X Honsontas X comparison between nickel blasting, chemical dealloying, and as-
Brazing: : : Y enae ; 3 received surface co_nditions_ can better ir)fc_>rm effective pre braze
Samples were cleaned prior to brazing Figure 9: Graph of comparing different physical dimensions of the brazes across their different processes. Mechanical testing of braze Jq_nts can quar_mfy the strength
and arranged i1 alumina boats fitted with categor/e;s. showing max he./ght and the hor/z.onta/ d/ffere.)nce of max point and midpoint. of the braze-subgtrate_bond across .COHdItIOHS. Extendlng the S_tudy to
rods to hold samples at the target orientation The 0° brazes had little to no horizontal differences between max more extreme orientation angles, with the braze on the underside of
angles of 0°, 40°, and 80°. Each batch and midpoint. In general, the brazes with type 3 braze paste had a the sample, would establish the true positional limits of the process
contained six samples: half of them braze higher max height. As the braze angle and movement increased, the and broaden its relevance to geometrically complex components.

different between the max and midpoint shifted positive, which means

type 1 and other half braze type 2, one per the max point was up the slope compared to the midpoint.

roughness condition per braze type, and with &=
two deposits per condition combination. All
brazing was performed in a vacuum furnace

following Rolls-Royce provided procedures. g
Figure 5: 40° braze setup pre-braze.
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Data Collection:

Braze movement was documented by photographing samples
before and after the furnace cycle. Wetting angle, maximum height, and
horizontal offset between midpoint and maximum height were extracted
from 2D profiles taken parallel to braze moment using an optical

.
%

ST s,

profilometer, which also provided surface area measurements of the |
braze. For internal quality assessment, samples were sectioned and Fig‘t"e 1g-'bOPﬁ034 gziclgggfaph ?f the o
polished to 1200-grit, then imaged unetched and evaluated for interface yPE € DIaze, 95, Ixe Sampie lype 3 braze, 807, R2 sample References
characteristics In figures 10 and 11, the quality of the braze can be observed.
image Analysis These figures only represent two of the eighteen samples, but the [1] Nelson, S.D. (2013) Multiphase Wide Gap Braze Alloy for the
{ brazing quality is consistent across all the samples. The smooth area Repai 0 : .
- : epair of Nickel-base Superalloy Turbine Components: Development
Images were taken of the samples before and after brazing with a on the bottom represents the nickel substrate, with the dendrite filled ancllo Clharaclterization [Tl::?esis ConoL:adlo Schoolloof Mines] veop
ruler for scale, then processed in Imaged to measure length and width top section being the braze paste. As shown in the images, there is a 2] Nelson, S. D (202'5) Purd,ue 2025 kickoff [PowerPoint slides]
changes. strong and well integrated interface. . ' '
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