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ABSTRACT

Cu-30%zn aloy is known as cartridge brass and it is widely used for
cartridge cases, which are produced from hot rolled sheet by deep-drawing
process at normal room temperature. Intermediate annealing is needed to
ensure low work-hardening during drawing and to minimize the forming
related problem of cartridge brass. Laboratory muffle furnace is used to
carry out the annealing heat-treatment of deformed cartridge brass. An
annealing heat treatment temperature range of (300-600)°C isused to develop
structure after recovery, partial recrystalization, complete recrystallization
and grain growth. The annealed structures are characterized by optical
microscope equipped with microstructure analysis software. The
guantitative microstructure details like average grain size and grain size
distributions are measured. Thetexture characterization of annealed samples
is done by pole figure measurement by X-ray texture Goniometer and
subsequent texture analysisis performed by LaboTex-Edu texture analysis
software. The structure and texture details show that at lower temperature
recovery occurs while at higher temperature recrystallization with trace of
grain growth occurs. The structure and texture in the intermediate
temperature rangeis contributed by recovery and partial recrystallization.
© 2013 Trade Sciencelnc. - INDIA
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BACKGROUND

Thecartridge case made up with cartridge brassis
drawn products, whichisproduced from hot rolled sheet
by deep-drawing process at room temperature?. This
drawing process needs high ductility and toughnessto
ensurelow work-hardening and to minimizeforming
related problem?. The softening mechanismtoinduce
ductility and toughness needed for any efficient drawing
processisknown asanneding. Theannealing servesas
the processfor micro-mechanismssuch asrecovery, re-

cryddlizationand graingrowth at d evated temperature™
%I Therecovery isbasicdly thelowering of did ocation
density and discontinuousrecrystdlization isdefined as
theformation of srainfreegrainsby highanglegran bound-
ary movement, whichisdriven by deformation energy of
stored dislocationg®®. Thegrain growth occurs mini-
mizingthesurfaceenergy of grainboundary by enlarge-
ment of recrystallized graing®9. The 70% Cu and 30%
Zn, Cartridgebrassisasinglephasedloy, whichisaso
known as a-brass¥. The devel opment of microstruc-
turecondituentssuch asgransize, granszedidribution
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and bulk texture of thisalloy isasubject of elaborate
research becausetheserecovery, recrystallization and
grangrowthdonat follow smilar rulesfor dl metdsand
aloysand they dependson the many variablessuch as
stages of deformations, temperature, heating rateand
compositionandinherent propertiessuch asstackingfault
energy of metalsand alloyd®519. The sequence of oc-
currence of recovery, recrystalization and grain growth
isalsonot clear duringanneding.

ANNEALING

Laboratory mufflefurnace was used to carry out
theanneding heat-trestment of deformed cartridgebrass.
Ananneding heet treetment temperaturerangeof (300-
600)°C wasused (TABLE 1) todevelop structure af-
ter recovery, partia recrystalization, completerecrys-
talization and graingrowth. Thehesating rate of thefur-
nacewas 10°C per minute. Theholdingtimeat thean-
nealing temperaturewas 600 secondsfor al samples
and the anneal ed sampl eswas subsequently quenched
inwater after anneding.

TABLE 1: % Prior reduction, annealing temper atureand
time

% Coald Annealin Annealing
Reduction Prior Tem eratureg(°C) Time
to Annealing b (second)
15 300 400 500 600 600
30 300 400 500 600 600
40 300 400 500 600 600
50 300 400 500 600 600
RESULTS

Microstructurechar acterization

Theanned ed structuresare characterized by opti-
ca microscope equipped with microstructureanaysis
software. Thequantitativemicrostructuredetailslikeav-
eragegrain sizeand grain sizedistributionsare mea-
sured. Theaveragevaluesof linear intercept grainsize
(L) of samplesannealed at 500°C, 550°C and 600°C
arecompared (Figure 1), which saysthat averageval-
uesof linear intercept grainsize (L) firstincreaseswith
degreeof cold reduction prior to anneding followed by
thedropinaveragegrainsze. Theaveragegrain sizeof
therolled samplesannealed at 500°C increases up to
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Figurel: Variation of averagelinear intercept grain size(L
inrollingdirection) with annealing temperature

40% prior cold reduction and then drops, while the
grainsizeof therolled samplesannedled at 550°C and
600°C increases up to 30% cold reduction and then
drops. Thegenerdizedtrend of variation of grainsize
withannedingtemperatureat aparticular degreeof prior
cold reduction saysthat averagegrain sizeincreases
with annealingtemperature. Theaverage grain size of
50% rolled and anneal ed sampl e becomes comparable
tothat of 15%rolled and annealed samplesfor al three
annedling conditions.

Thegrainsize (L) distribution (Figure 2(i)) com-
paresthe number frequency versusL of rolled samples
annealed at 500°C. The 15%, 30% and 50% rolled
samples show log normd distribution. The population
of larger szegrainincreaseswith 30% and 40%r olled
samplesprior to annealing. Thedistributionsof 15%
and 50% rolled samplesarequitesimilar.

Therolled samplesannealed at 550°C show grain
sizedigtributions(Figure2(ii)) very near tothelog nor-
mal distribution. The number frequency of larger size
gransincreaseswith 30% and 40%rolled samplesprior
toanneding.

Thelog normd distribution found in 15% and 50%

@ 15%CR-A00C
@30%CR-600C |
m40%CR-600C
@50%CR-600C

% Fregquency

Linear Intercept L {micron)
Figure 2(i) : Linear intercept grain size (L in rolling
direction) distribution of samplesannealed at 500°C
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Figure 2(ii) Linear intercept grain size (L in rolling
direction) distribution of samplesannealed at 550°C
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Figure 2(iii) : Linear intercept grain size (L in rolling
direction) distribution of samplesannealed at 600°C
rolled samplesannealed at 600°C isshownin Figure
2(iii). The 30% and 40% rolled samples anneal ed at
600°C are associated with higher frequency of larger
gransizeandthecharacter of distributionsa so differs
fromlognormd distribution.

Bulk texturemeasur ement

Thecrystallographic bulk textures of the samples
aremeasured by X -ray texture Goniometer. Thequdli-
tativeand quantitative bulk textures of anned ed samples
aredenoted by orientation distribution functions (ODF)
and texturestrength of ideal orientationsderived from
111, 200 and 220 measured polefiguresusing LaboTex-
Edu texture analysis software. Thelocationsof ideal
orientationsinorientationdigiributionfunctionareshown
inFigure3(i).

A.Annealing

Theorientation distribution functionsof 15%rolled
and anneal ed samplesare shown in Figure 3(ii)-(v),
which show that
(1) increaseinrollingtextureintengty after anneding a

300°C and 400°C
(i) randomization of textureafter annealing at 500°C
(iii) development of brassand cube component after

annealing at 600°C.

Full Paper

9. 65°

Figure 3(i) : ldeal texture orientations in orientation
distribution function

Thevolume % of theideal texture orientations of
15%rolled and annedled samplesareshownin TABLE
2(i). Thetexture strengths of Cube, Brass, Cu, Taylor,
CG Y and Cfirgt increase up to annealing temperature
400°C, decreaseto their minimum strength at 500°C
andincreaseagain a anneding temperature 600°C. The
strengths of S, R and Goss gradually decrease up to
annealing at 500°C and increase again at 600°C. The
texturevolumestrengthsof H and CH orientationsfirst
increase up to anneding temperature 500°C and then
decrease at 600°C whilethe strength of L orientation
first increasesat 400°C and then gradual ly decreases
till 600°C.

Theorientation distribution functionsof 30%rolled
and annealed samplesare shown in Figure4 (i)-(iv),
which show that
(i) increaseinrollingtextureintengty after anneding a

300°C.

(i) randomization of textureafter annealing at 400°C
and 500°C.

(iii) development of Cubeand Brasscomponentsafter
annedling at 600°C.

Thevolume % of theideal texture orientations of
30% rolled and annedled samplesareshownin TABLE
2 (ii). Annealing increases the strength of Cube com-
ponent. The strengths of Brass, Gossand 'Y compo-
nents first reduce up to 500°C and then increase at
600°C whilethestrengthsof S, R, CG and C compo-
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Fig. 3 (i) 15% Cold Rolling + 300°C Fig. 3 (i1i) 13% Cold Relling + 400°C
Annealing Annealing
Figure3(ii) : 15% Cold rolling + 300°C annealing Figure3(iii) : 15% Cold rolling + 400°C annealing
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Fig. 3 (1v) 13% Cold Rolling + 500°C
Annealing
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Fig 3 (v) 15% Cold Rolling + 600°C
Annealing

Figure3(iv) : 15% Cold rolling + 500°C annealing

Figure3(v) : 15% Cold rolling + 600°C annealing

Figure3(ii)-(v) : Orientation distribution functionsof 15% rolled and annealed textureat (ii) 300° C, (iii) 400° C, (iv) 500°C

and (v) 600°C

nentsfirst reduce at 400°C and then increases up to
600°C. The volume % of H and CH orientationsin-
creases up to 500°C and reduces at 600°C. The
strength of L and Taylor orientationsreduceswiththe
increasein annealing temperaturewhilethe strength of
Cu does not show any steady trend.

Theorientation distribution functions of 40%rolled
and annealed samplesare shown in Figure5 (i)-(iv),
which show that

(1) increaseinrollingtextureintengty after anneding a
300°C.

(i) randomization of textureafter annealing at 400°C
and 500°C and formation of Cubeand rotated Cube
components.

(iii) preferred development of transversedirection ro-
tated Cube and Brass components after annealing
at 600°C.

Thevolume % of theided texture orientations of
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TABLE 2(i) : Texturestrength of 15% rolled ideal texture
orientationsafter annealing

Orientation {h k [}<u v w> 300°C 400°C 500°C 600°C

Cube {001} <100> 145 158 136 150
Brass {110} <112> 6.82 7.44 306 4.84
Cu{112}<111> 180 1.83 110 130
R{123}<412> 613 6.00 312 4.00
S{123}<643> 732 726 326 4.14
Goss { 110} <001> 300 275 252 3.36
Taylor {4411} <11118> 220 230 124 1.25
H{ 001} <110> 083 090 116 1.00
CG{021} <100> 462 483 305 3.72
CH{ 001} <120> 112 114 151 130
Y {011}<522> 6.37 6.87 300 456
L {113} <332> 210 221 125 1.22
C {236} <385> 426 460 223 284

40% rolled and annealed samplesareshownin TABLE
2(iii). Annedlingincreasesthe strength of Cube compo-
nent. The strengths of Brass, Cu, Goss, S, R, CG, C,
L, Taylor andY componentsfirst reduce up to 500°C
andthenincreaseat 600°C. Thevolume % CH orien-
tationsincreases up to 400°C and reducestill 600°C
whilethevolume% H doesnot show any steady trend.
Theorientation distribution functionsof 50%rolled
and annealed samplesareshownin Figure6 (i)-(iv),
which show that
(i) increaseinrollingtextureintengty after anneding at
300°C.
(i) randomization of textureafter annealing at 400°C

= Fyl] Peper

TABLE 2(ii) : Texturestrength of 30% rolled ideal texture
orientationsafter annealing

Orientation {h k I}<u v w> 300°C 400°C 500°C 600°C

Cube {001} <100> 125 140 150 1.88
Brass {110} <112> 690 286 256 7.07
Cu{112}<111> 204 107 124 111
R{123}<412> 740 285 303 500
S{123} <643> 843 285 285 4.92
Goss {110} <001> 337 247 230 280
Taylor {4411}<11118> 215 138 137 122
H{ 001} <110> 090 111 120 112
CG{021} <100> 530 286 3.00 340
CH{001} <120> 135 170 170 1.46
Y {011}<522> 706 275 262 688
L {113}<332> 202 144 140 123
C {236} <385> 423 204 216 281

and 500°C and formation of Cube and rotated Cube
componentsby recrystalization.

(ii) preferred devel opment of Cube, transversedirec-
tion rotated Cube and Brass componentsat 600°C.
Thevolume % of theideal texture orientations of

50% rolled and annedled samplesareshownin TABLE

2(iv). Annedling gradudly increasesthestrength of Cube

component. Thestrengthsof BrassandY components

first reduce up to 500°C and then increase at 600°C.

The strength of Goss and CG texture componentsfist

reduce at 400°C and then increase till 600°C. The

volume % H and CH orientationsincrease up to an-
nealing temperature 600°C. Thetexture strength Cu,
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Fig. 4(i1) 30% Celd Rolling + 400°C
Annealing

Figure4(i) : 30% Cold ralling + 300°C annealing

Figure4(ii) : 30% Cold rolling +400°C annealing
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R, S, Taylor, C and L doesnot show any steady trend.
Hardnessdata

ThehardnessinVicker’s scale (HV) of cold rolled
and annealed samplesare shownin TABLE 3. The
hardness of asreceived sheet was 145 HV. The cold
rolling 15%, 30%, 40% and 50% gradually increases
the harnessof the cartridge case alloy whileannealing

reduce the hardness. The hardness depends on the
annealing temperature. The higher theannealing tem-
peraturethelower isthe hardnessfor each prior cold
rolled samples except the 15% prior cold rolled and
anneal ed sampleswhich showssimilar hardness after
annealing at 300°C and 350°C. All 600°C annealed
sampl es have shown near about similar hardnesswith
thevariation of 10 HV.

XU
A
KL
Ly

Fig. 4(iii) 30% Cold Rolling + 500°C
Annealing

Fig. 4{iv) 30% Cold Rolling + 600°C
Annealing

FigureA(iii) : 30% Cold rolling + 500°C annealing

Figure4(iv) : 30% Cold rolling + 600°C annealing

Figure4: Orientation distribution functionsof 30% rolled and annealed textureat (i) 300°C, (ii) 400°C, (iii) 500°C and (iv)

600°C
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Fiz. 5(i) 40% Celd Rolling + 300°C
Annealing
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Fig_ 5(ii) 40% Cold Rolling + 400°C
Annealing

Figure5(i) : 40% Cold rolling + 300°C annealing

Figure5(ii) : 40% Cold rolling +400°C annealing
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Fig. 5(11i) 40% Celd Rolling = 300°C

Annealing
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Fig. 5(1v) 40% Cold Rolling + 600°C
Annealing

Figure5(iii) : 40% Cold rolling + 500°C annealing

Figure5(iv) : 40% Cold rolling + 600°C annealing

Figure5: Orientation distribution functionsof 40% rolled and annealed textureat (i) 300°C, (ii) 400°C, (iii) 500°C and (iv)

600°C

TABLE 2(iii) : Texturestrength of 40% rolled ideal texture  TABLE 2(iv) : Texturestrength of 50% rolled ideal texture

orientationsafter annealing

Orientation {h k I}<u v w> 300°C 400°C 500°C 600°C

Cube { 001} <100> 084 160 165 185
Brass {110} <112> 1000 500 326 4.85
Cu{112}<111> 286 121 100 1.21
R{123}<412> 844 450 332 4.10
S{123}<643> 10.65 4.34 3.46 4.10
Goss{ 110} <001> 355 274 216 245
Taylor {4411} <11118> 285 136 110 115
H{ 001} <110> 057 106 1.00 1.06
CG{ 021} <100> 516 331 3.16 4.00
CH{ 001} <120> 086 154 146 1.43
Y {011}<522> 1000 4.60 3.00 4.23
L {113}<332> 255 136 110 112
C {236}<385> 380 275 265 3.50
DISCUSSION

Theaveragevauesof linear intercept grainsize (L)
al rolled samplesanneded a 500°C, 550°C and 600°C
first increaseswith degree of cold reduction prior to
annealing followed by thedrop in averagegrain size.
Theaveragegrain sizeof therolled samplesanneaed
at 500°C increasesup to 40% prior cold reductionand

orientationsafter annealing

Orientation {h k [}<u v w> 300°C 400°C 500°C 600°C

Cube {001} <100> 060 170 200 3.00
Brass {110} <112> 860 335 317 860
Cu{112}<111> 360 111 140 1.00
R{123}<412> 1023 342 385 3.70
S{123) <643> 11.76 360 4.30 4.13
Goss {110} <001> 341 212 223 3.00
Taylor {4411} <11118> 260 140 165 1.36
H{ 001} <110> 055 120 133 1.60
CG{ 021} <100> 375 280 3.16 3.46
CH{ 001} <120> 080 1.82 200 206
Y {011} <522> 880 310 275 875
L {113}<332> 220 136 160 142
C {236} <385> 314 275 342 275

then drops, whilethe grain size of therolled samples
annealed at 550°C and 600°C increases up to 30%
prior cold reduction and then drops. This showsthe
trendsof partia recrystallized structure. Therecrystal-
lization producesstrain freegrainsand reducesthe av-
egragegransgze Thefirgincreaseingransizeisdueto
presence of mgjority of rolled and recovered e ongated
grainsinpartially recrystallized structurewhichisfol-

ey, P alzrioly Seience

Au Tudian Yournal



104

Annealing character of cartridge brass

MSAIJ, 9(3) 2013

Full Poper =

= ]

. 3

Fi

H {
.
I 1

Fig. 6{1i1) 30% Celd Rolling + 500°C
Annealing

B 1
- = e g ] e 5
:._; e
C d 10
. . .
Fig. (1) 30% Cold Rolling + 300°C Fig. 6(ii) 50% Cold Rolling + 400°C
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gure6(i) : 50% Cold rolling + 300°C annealing Figure6(ii) : 50% Cold rolling +400°C annealing
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Fig. 6{1v) 50% Cold Rolling + 600°C
Annealing

Figure6(iii) : 50% Cold rolling + 500°C annealing

Figure6(iv) : 50% Cold rolling + 600°C annealing

Figure6: Orientation distribution functionsof 50% rolled and annealed textureat (i) 300°C, (ii) 400°C, (iii) 500°C and (iv)

600°C

lowed by thereduction of grain sizeby the production
of mgjority of recrystallized grains. Theincreaseinan-
nealing temperaturefrom 500°C to 550°C and 600°C
increasesthemobility of highanglegrain boundary sur-
rounding thenuclel and needs|ess stored energy asso-
ciated with 30% rolling reduction to on set nucleation
and growth of recrystalli zation than 500°C annedling,
which needs40% rolling reduction asdriving forcefor
nucleation and growth of mgority of grains. Thetrend

of variation of grain Szewith anneding temperatureat
aparticular degree of prior cold reduction says that
averagegrain sizeincreaseswith annealing tempera-
ture should bedueto partid recrystdlizationisdsoas-
sociated with trace of grain growth. Theaveragegrain
sizeof 50% rolled and anned ed sample becomes com-
parableto that of 15% rolled and annedled samplesfor
al annealing conditions should be dueto completere-
crystallization at 50% rolled sampleswith thetrace of

Watariosy Stience  mm—.
A VMW



MSAIJ, 9(3) 2013

Arun Kumar Verma et al.

105

TABLE 3: Defor med and annealed har dness

Sample 15% 30% 40% 50%
P Roled Rolled Roled Rolled
Deformed 175 180 186 190
300 °C 160 150 175 170
350°C 160 135 160 150
400 °C 150 130 140 120
450 °C 120 120 120 105
500 °C 100 90 105 100
550 °C 86 80 86 20
600 °C 70 75 73 80
TABLE 4: Texturetrendsafter annealing
Annealing 15% 30% 40% 50%
Temperature Rolled Rolled Roalled Roalled
Increase
in Increase  Increase  Increase
300°C . in Rolling in Ralling in Rolling
Rolling
Texture Texture  Texture
Texture
Random 'Flfzxnt(t ?Z Random
Increase Texture with Texture
400°C in with Cube Brass with Cube
Rolling and Cube'an d and
Texture Rotated Rotated
Cube Rotated Cube
Cube
Random Random Random
Texture Texture  Texture
500°C Random with Cube with Cube with Cube
Texture and and and
Rotated Rotated Rotated
Cube Cube Cube
Random
Texture Textured Textured
with  with Textured o)
600°C Cube Brass and \évr::jh(ir ;? Brass and
and Cube Cube
Brass

grain growth. Theseinferences are also supported by
thegrainsize (L) distributions obtained after annealing
at 500°C, 550°C and 600°C.

Thetrendsof textureof annedled samplesareshown
inTABLE 4. Thetexturetrendshavefivedistinct fea-
turessuchas
(i) Increaseinrollingtexture
() Random texture
(i) Random texture with Cube and Rotated Cube
(iv) Random texture with Brass, Cube and Rotated

Cube
(v) Texturedwith Brassand Cube.

Theincreaseinrollingtextureisfoundinall rolled

= Fyl] Peper

samples after annealing at 300°C and in 15%rolled
sampleafter annealing at 400°C also. Theincreasein
rollingtextureisdueto annihilation of didocationsdur-
ing recovery, which reducesthe scattering of X-ray.
Therandom texture (of intensity 2-3 times random)
developswhenmgjority of grainsget dissmilar orien-
tationsand that isdueto partia recrystalization. The
formation of high percentage of Cube and Rotated
Cube oriented grains produces random with Cubeand
Rotated Cubetexturewhiletheformation of Brassori-
ented grainsa so during partial recrystallization pro-
duces Random texturewith Brass, Cube and Rotated
Cube orientation. All rolled samples except the 15%
rolled sampleproduceeither random texturewith Cube
and Rotated Cube or random texture with Brass, Cube
and Rotated Cube after annealing at 400°C and
500°C. Thepreferred devel opment of Brassand Cube
oriented grainsarefound after annealing at 600°C for
30%, 40% and 50% rolled samples and that should
be dueto the preferential grain growth of Brassand
Cube oriented grains.

Thetrendsof nucleation for fcc metalsand alloys
arelistedinTABLE 5. Thistrends show both thedis-
continuousand in-situ (continuous) recrystallizations.
The stableremnant parts of the original Cube band &f-
ter deformation contributesin Cubenuclel, meta-stable
rolling direction rotated Cube band generates CG and
Gossnucle (withthelimit of 45° rolling direction rota
tion), dight orientation rotation near thegrain boundary
of Scomponentsproduce R nuclei whilenormal direc-
tion rotated Cube and shear band in deformation het-
erogeneitiesdevel op CH and H texture orientations
respectively by discontinuousrecryddlization. Thepos-
sibility of occurrence of continuous or in-situ
recrsytdlizationinfcc metd sand dloysdependingupon
the annealing temperature, heating rate is also re-

TABLE5: Trendsof nucleation and preferred sitesin fcc
metalsand alloyd***?

Orientation Sites

Cube Deformed Qube Band
Transition Band (Rdl ling Direction

CCand Goss | ed Cube) (Ralfing
Brass, S, Deformati on Texture Orientati ons (i n-situ
Copper reasytd i zati on)
R Grain-boundary
CH Normal Direction (ND) rotated Cube
H Shear Texture (45° ND rotated Cube)
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ported?3'2 to devel op Brass, Cu and S components
predominantly by nucl eation (extended recovery or re-
crystdlizationin situ) without grain growth. Thein-situ
recrystallizationisprimarily governed by theintrinsic
property of fcc metalsand dloyssuch asstacking fault
energy. Theincreaseinrolling texturewhich occursaf-
ter annealing at 300°C should not be addressed ascon-
tinuousrecrystallization becausethe hardnessmeasure-
ment showshigh hardness near about (150-175) HV.

Theédevated temperature (600 °C) annealing de-
velopstextured structurewith high strength of Cubeand
Brasscomponents. The Brasscomponent isformed by
deformation and aso anneding. The possibility of get-
ting randomtexture by inter-annealing, whichisfound
iINAASXXX duminium aloy*¥ islessin Brassdueto
thisfact. The degree of isotropic property dependson
thecrystalographictexture. Thedissmilar orientations
of grainsassociated with random texturetend to result
intheisotropic property™ whereastherolling texture
and Cuberecrystalization texturesin high stacking fault
energy face centered cubic metals and alloys are
associated with forming problemssuch asearing during
deep drawing*>4.,

SUMMARY

Theaverage grain size of therolled samplesan-
nealed at 500°C increases up to 40% cold reduction
andthendrops, whilethegrainsizeof therolled samples
annealed at 550°C and 600°C increases up to 30%
cold reduction and then dropsduetoinitial partial re-
crystdlizationfollowed by completerecrytallization.

Thetrend of variation of grain sizewith anneding
temperatureshowsthat averagegrain Szeincreaseswith
annealing temperature should bedueto partia recrys-
tallization isa so associated with trace of grain growth.

Theaveragegrain sizeof 50%rolled and anneded
sample becomes comparableto that of 15%rolled and
annealed samplesfor al annealing conditionsshould be
dueto completerecrystdlization a 50%rolled samples
withthetraceof grain growth. Theseinferencesarea so
supported by thegrain size (L) distributions obtained
after annealing at 500°C, 550°C and 600°C.

Thetrendsof texture of annealed sampleshavefive
distinct festuressuch as
(i) Increaseinrollingtexture,

(i) randomtexture,

(iii) random texturewith Cube and rotated Cube,
(iv) randomtexturewith Brass, Cubeandrotated Cube
(v) texturedwith Brassand Cube
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