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INTRODUCTION

The elevated temmweratures encountered in long range
supersonic aircraft have created a need for high
tenperature resistant glass reinforced plastic con-
struction which will provide the required strength,
light weight, and radar transparency. The objective
of this program was to determine the effect of pro-
longed exposure to 325°F on various reinforced plas-
tic material combinations.

APPROACH

The nresent materials used on the B-58 were known to
have useful bronerties at temnmeratures un to 300°F

for short neriods of time. However, litile if any

data was available on their nronerties at 325°F after
prolonged exposure. Jince time and funds were not
availahle for an extensive develonment nrogram for

new ..terials and some of the present B-58 materials
aprearcd capable of operating under this condition,

it was desided to ev~luate B-58 materials only. The
nresent nroduction processing technicques such as cur-
ing agents, finish of glass reinforcements, fabricatiou
methods and curing cycles were used. In the case where
the material is used by a sub-contractor of B-58 parts,
the vendor’s nrocesses were used,

Two test requests were written to initiate the fabri-
cation and testint of panels. F-9684 was issued for
G.R.P. faced sandwich construction and F-9636 was
issued for solid laninate G.Q.P, ~rngtiuziic=.

Materials Tested.
Phenolic - Conolon 506 FMSO0031 ClASS VI »
Lpoxy Epon 828 FMS0031 CLASS 1V =
Modified Polyester - Laminac 4232 FMS0031 CLASS II*s
FABRICATION - MATERIALS AID PROCESSES

SAND'Y.CH CONSTRUCTION , e

Lo RS
Looae

noa
v

Two (2) resin systems were evaluaiéd. Phenolic and
Epoxy Panel .fabrication details were as follows:

*Room Temperature value . e sas
. Lompression kSi1 35 48 30
Tensile KS1 40 47 35
Flexual KS1 50 65 48

*’7. ¢ = FEP~157-0-08
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3.1.1 Phenolic Glass Reinforced Flastic Puced Sandwich
Construction

(Representative of the General Structural non-electrical
sandwich construction on the B-58) .

» " LV e e TV T T

3.1.1.1 Construction and Materials

One (1) panel size .560” § .015" x 38.0" x 38.0" was
' fabricated as follows:

~
TR S et

i ' v A. Faces were composed of 3. plies of number 181
: ‘ . style Conolon $S06 preimpregnated glass cloth
per specification FMS-0031 ‘B) Class VI

? B. Core was a 5.5 lb/cu.ft. nominal density glass i
3 fabric reinforced plastic honeycomb core material ;
: for Specification FM3-0013 (B) Type IV.* !
: C. Faces were bonded to the core using adhesive per i
! Sovecification FMS-0C15-1.**
' 301-1.2 prwessi‘q {
. A single stage lay-uv was used and the panel cured ‘ ‘
‘ 1 as follows:
- ! a. Cure cycle under vacuum pressure of 26” £ 3° !
* of Hqg. i
; 3/4 hour at 200°F 4 10°F B

1/2 hour at 250°F 4 10°F ,

1/2 hour at 275°F 4 10°F E

b. Post cure cycle with no vacuua 1

1/2 hour at 300°F 4 10°F A

V 2 hours at 350°F 4 10°F
3.1.1.3 The completed panel war painted using nrime per ;
|

. e

F¥S-0003 and paint per FMS-0004.

‘-fa-hox cell configuration, Room texpersture valoe,:
compression 700 psi core shear L 360 pst i
core shear W 310 psi : i

b se typical epo:r.y-phenolicl resin acdhesive,

N B "
. 1 : ’ i
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BEPY, ¢ - PP~ 1907-3-36 : : o i
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3.1.2 Epoxy Glass Reinforced Plastic Paced Sandwich
Consgrucfion (Simulating radome construction )
3.1.2.1 Construction and Materials - Two (2) panel size

.602% 4 .010" x 38.0" x 33.0” were fabricated as
follows: g |

e e

a. Faces were composed of § plies of number 181 ‘
style Volan "A” finish glass fabric with
gpon 828 resin and 13 phr MPD curing agent, -
aces were finished to a thickness of .04$5
.005" with a cured resin content of 34% 4 3%.
hey met the requirements of Svecification '
FUS-0031B Class IV.

E b. Core was a 4.75 lb/cu.ft. nominal density

: glass fabric reinforced plastic honeycomb core

' muterial per Swecification F118-n013 (B) Type II*
spliced and vented as required. |

¢. Parent resin as outlined above was usad to bond
the faces to the core.

3.1.2.2 Processing - A three stage lay-up was used as follows:
a, 1lst stage - Both faces were laid un and rubbed ’
out at 150°F, The cure under vacuum nressure
of 26" 4 3 of Hg was as follows:
3/4 hour at 200°F 4§ 5OF
1/2 hour at 250°F 4 S°F
1 hour at 300°F 4 S°F

b, 2nd stage - Une face was narent resin bonded to N
the core urder vacuum pressure of 26" { 3% of Hg. ;

2 hours at 150°F 4 SOF
2/4 hours at 203°F 4 5°F '
1/: hour at 250°F 4 s°F i ;)

1 hour at 300°F 4 S°F

'—eg-hex cell configuration, Room % nperature values,
Compression 535 pst shear L 210 psi ahear W 180 psi,

e
L]
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¢. 3rd Stage - The remaining face wac parent resin
bonded to the c¢nre under the same conditions of
the 2nd stage.

d. The completed panels were post cured without
vacuum as follows:

1/2 hour at 200°F # 10°F
e Qe Ui NASNS »

1 hour at 300°F 4 10°F
4 hours at 350°F 4 10°F
Jolid Laminate Corstruction
Three (3) resin systems were evaluated. Phenolic,

kpoxy, and Modified Polyester. Pamei fabrication
details were as follows:

Phenolic Glass reinforced Plastic Lmimste Construction

(Representative of the general structural non-electrical

laminated construction on the B-58)

Construction and liaterials - One (1) panel size .125%

4 +010” x 38,07 x 38.0" was fabricated. This panel
was composed of 12 plies of number 181 style Conolon
506 preimnregnated glass cloth rer Seecification
FMS-0031 (B) Class VI.

Processing - A single stage lay-up was usecd and the
panel cured as tollows:

a, Cure cycle under vacuum pressure of 26" 4§ 3” of Hg,

3/4 hour at 200°F 4 10°F
1/2 hour at 250°F 4 10°F
1/2 hour at 275°F 4 10°F
b. Post cure cycle with no vacuum
1/2 hour at 300°F # 10°F
2 hours at 350°F 4 10°F

e Ao o i 1 e o s e o e 1990 e 41 A AT ¢ [

Bt s o e
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3.2.1.3 The completed panel was painted usina nrime per
. FM5-0003 and paint per FliS-3004. *¢
3e242 Epoxy Glass KXeintorced Plestic Lavdnate Construce
tion - (Simulating radome and antenna coustruaction
on the B-58).

3e2.2.1 Construction and Materials - Two 12) panels size
.170% § .005% x 38.0% x 32.." weie fabricated.
These manels were composcc ¢f improxiwately 17
plies of number 181 style Garan 7inish glass
cloth with Epon 828 resin ard 1: »hr XI'-7A curing
agent. Cured resin content wss 34 ! %,

aden

“o

e2e2 Processing - A three stage liy-up was used and
cured as follows:

[ 4

.

A, 1lst stage - Six (6) plies ot cloth woere Laprege
nated with resin, rubged out and cured under i
vacuum nressure of 26° § 3% Ha as follows: -
1/2 hour at 150°f # sOF
1 honur at 200°F 4§ 5OF

1/2 hour at 250°F 4 s

B. 2nd Stege - Si1x (b) nlics were acded tec the lst
stage lay-up using the same nroceszing msthod.

C. 3rd Utage - the rendaining nlies were added o
the 2nd st.ge lay-up 85 necessary to meer the
thickness requirement using tine same nrocassing
muth:ods as used in the lst st-ge.

tun

V. The comnleted panel was post curea without vacuuw
as follows:  *

1/2 hour at 250°F 4 10°F
1 hour at 300°F 4 10%F
4 hours at 350°F # 10°F
s 3.2.3 Modifiud Polyester Glass £einforcen Ulistic Laminate

Construction - (JGimulating the search rsaome construce
tion on the B-58).

* Typizrl Epoxy Priner
=% Typical Epoxy Pairf,

PEPY. 4 - WP~ 13073 .84
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3.2.3.1 Construction and Material - Two (2) vanels size

. .183% 4 .005” x 38.0" x 38.0” were fabricated.
These manels were composed of ammroximately 186
plies of numbar 181 style Garan finish glass cloth
with Laminac 4232 resin and 2 phr &TC curing agent.
Cured resin content was 38% { 3.

3.2.3.2 Processing - & three stage lay-up was used and
cured as follows:

- g ——— ——

A, lst stage - Seven (7) plies of cloth were
impregnated with resin, rubbed ou* snd cured
under vacuum nressura of 26 § 3* Hg at
180°F 4 5OF for ¢ hours. ’Une ply was used
for a peel ply.)

.y e

B. 2nd Stage - 3even (7) plies were added to the
1st stage using the same nrocessing methods.
(One nly was used for a neel nly).

v e pg—

P C. 3rd Stage - The remaining plies were added to
the 2nd stage as necessary to seet the thick-
ness requirement using the same processing
methods as for the lst stage.

D. The completed nanel was post cured without
vacuunm as follows:

12 hours at 200°F § SOF
5 hours at 225°F 4 5°P
4 hours at 250°F 4 5°F

; 4 hours at 275°F § SOF
4
4

-

hours at 300°F 4 5°F
hours at 325°F 4 S°F
72 hours at 350°F 4 5°F

s  PEPT. 6~ PWP-1MT-0-34

e
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TESTING
MECHANICAL TESTING

Testing was accomnlished under the following enviran -
mental conditions.

Room temnerature control tests

At 325°F after 1/2 hour exmosure to 325°F

At 3259F after 200 hours exposure to 325°F

At 325°F aftey 1000 hours exposure to 325CF

At room temperature after 3000 hours exposure to 325°F
At 325°F after 3000 hours exposure to 325°F

The following mechanical tests were conducted.

1 Glass reinforced plastic faced sandwich construction.

(PORT WORTN}
4.0
4,1
4.1.1
a.
be
Ce
d.
8,
f.
4.1.2
4,1.2.
a.
b.
Ce
d.
4.1. 2.2

i DEPT. 6 = FYP=1007-0-44

b.

Co

Column ccmnression specimens - prepared and tested
per Svecification 723-4-C71 (A) Tyne XII.»

Pi Tension smecinmens - prepared and tested per
Ypecification FZS-4-07i (A) Type III**

load - J.:flection (P/A) Beams - prepared and
tested 12r Figure 1 and Table I,

Beam - C;lumn c¢reep tests were run on enoxy and
phenolic faced sandwich constructions for 3000
hours. 'he specimens were prepared and tested
in accoi:ance with Figure 2,

Glass Reinfoiced Plastic Solid Laminate Construction

Tensile pecimens - prepared and tested ver Speci-
ficatior LP-406b Method 1011 Tyme 1,

Compres::ion specimens - prepared and tested per
Specifi« .tion LP-406b Method 1021.1 using Convair
modified specimens{with flared ends),

Flexure specimens - prepared and tested per Fpeci-
ficatio- E;-406b Method 10631,1

sSee Suppler ntary Sheet 3-1
s*8se¢ Supple: ntary Sheet 8-2,

7 , -
m., wo_F2M-2024 il
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4.2 PHYSICAL TESTING
4,2.1 The following physical tests were accomnlished on

the glass reinforced plastic solid laminates arA
faces of the sandwich panels.

e .....,,—Mﬂ

a. Specific gravity per Specificstion LP-406b

Method 5011. )
b. Resin content per Specification LP-406b Method 7061,
c. Hardness test using a Barcol Impressor Model

GYz‘934'1 .

. 4.2.2 The physcial tests were periformed at rvom temperature
! after the following exposures: ,

-

a. Prior to exnosure to 325°F
b. After 200 hours at 325°F
c. After 1000 hours at 325°F
d. After 3000 hours at 325oF

4.3 Electrical Tests

Identical panels using the Epoxy and Mo’ fied Polyester
resin systems were fabricated for electrical tests. Ths
electrical tests were run at room temperature after the
test panels had been exposed to 325°F for 3000 hours.
The panels were tested for dielectric constant, loss
tangent, transmission and I.P.D. at 8.5 KMC.

v ——— —— e -

4.4 Exposure and Tests at Temperature

Koom temperature and short time exvosure (1/2 hour)
test specimens were reuoved from the panels and remaine
ing sections of the panels were exposed to 325°F in a .
closely controlled oven, All open edges of the sand- -
wich panels were sealed with Mylar tape during the ex- ‘
posure. At the end of each time veriod the panels
were removed and inspected. Sufficient material for
the required test specimens was removed; and the
panels were re-sealed and returned to the oven for
continued exmosure,

-

=t o

el chiee S er—F o 0

DRPT, § ~ FIP-1307-3-54
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s.1  TEST RESULTS

The mechanical and nhysical test results are summarized
énb'{ab)loeéln and III and detailed in Tables IV through
able .

5.2 DISCUSBION

When reinforced plastic materials are exposed to elevated
temmeratures, two reactions simultaneously take place.
One reaction is the additional curing of the resin which
increases the mechanical stren~th of the material. The

| other reaction is oxidation which causes a deterioration
' of the resin which results in a decrease in mechanical
strength.

I
5.0  TEST RESULTS AND DISCUSSION 1
'i

-y

gy

i Epoxy and Modified Polyester laminates are practically

" non-porous and only the outer surfaces are primarily i
affected by oxidation. Phenolic laminates are noted !

! for their pcrosity aud exposure to high temmerature for

an extended period of time creates a serious oxidation
problem. The effect of oxidation of phenolic material .

| can be reduced by painting the surfaces or by impregnat- !

: ing the porous laminate with a high temnerature material,

i The Phenolic panels (solid and sandwich) were painted in
. : an effort to reduce the effect of oxidaticn but the

i ' panals were lubatantiallxraffcctod by oxidation during

{ L the long sxposure to 325°F.

g The low cgocific gravity of the solid laminate phenolic

i ~ part (1.57) is another indication that it was more porous
,‘ than the Epoxy laminate (1.86) or the modified polyester
1 [ laminate (1.89),

The mechanical values for the Epoxy sandwich panel were
lower than a typical Epoxy sandwich panel. This apparent-
i ly was caused by the low bond strength of the parent
resin. The panel tested had an ultimate tension value
of 1057 pounds, while a typical panel should have a

| value of 1300 pounds.

The test results showed that there was a definite in-
crease in strength of all materials as the exposure
time at 325°F was increased from 1/2 to 200 hours. This
incyease can be attributed to the additional curing of
e4ch type of resin with a minimum effedt of oxidation.

DEPT, 6= PWP-1007-0-84 _ :
’ \
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! At some point between 200 and 1000 hours exnosure,
the effect of oxidation began to overtae the effect
of curing and resulted in a decrease of mechanical [
perties of the solid and sandwi:ch nhenolic parts.
Burinq this sawe period of exposure the epoxy mater-
~1pl increesed -in, strength and the modified nolyestes
leveled of £ with slight increases J,n some p onotti §
o ot s .
axﬁ gome decnu» m her e L e ‘

-+ Between 1000 and 3070 hours expoqere at 3259F the . ;@-
. .» + Phenclic materigl .pontinued-to: detwsriorate at a '
b s e . more ronid gatee .The rvoxy ma¥eriplegeached its
I M it . moMm +1is pagdod-sdganr 8sure and {
- : i started to decrerse in mechani=al strength. The
/ ! ilodified Polyester naierial coutinued to show a |
' snuall increase in mechanical nromerties during the Q’
; entire exnosur« time ‘rom 1000 to 3000 hours. 1
i
|
]
i

- Y st Q 5

6.0 CUHCLUSIONS

These test rezults show that all three resin systems
tasted can satisfactorily operate at 325°F for 1000
hours. It car also be concluded that the nresent
' design allowalle based on accentance values for 300°F ;
‘ for 1/2 hour ctgosure are realistic for 1000 hours :
! : exnosure at 3:5°F without reductions. ;
! Vased on this data viodified Polyester amnears to be
' the hbnst resin fos annlications where the material
‘ is exposed to J3259F for 31000 hLours. During this
oo 3000 hours period of exmosure at 3250F the mechanical
o properties rer.ined alinost constant which would indi-
f cate that Modi ied Polyester material useable life
; is greater than 3700 hours. Sae Figure 3.

; slthough the wechanical properties of Enoxy resin

! began to decrease sometime hetween 1000 hours and
30200 hours thay were still within a nractical range
after 3000 hours exnosure, See Fiqures 4 and 6.

Phenolic material was definitely affected by the
long exnosure at 259 and its mechanical nroperties
after 3NN00 hours 2xnosure were unsatisfactory. See
Figqures 5 and 7.
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The electrical properties of the Epoxy and lodified
Polyester laninates were satisfaotory for all praotical
purposes after 3000 hours exposure at 325°F, The di-
electric constant end loss tengent properties at 8,5 X)C

of the epoxy laminate were within the requirements of
T1'S-0031 B, The loss tangent properties of the Modified
Polyeater lam!nate wes within the the specification value
but the dislectric constant value was just outaide of spec-
ification renuirements. See Table XXII,

The Zpoxy and Fhenolic laminated fasced sandwich specimens
had very similar ~reep characteristics when exposed at

325°F,

The initial creep rate {during exposvre from 2

hours to 200 hours) was approximstely .00022 inches per hour.
As the exposure time lncressed the o=eep rate decreased. The
aversge crecp rate between 200 hours and 3000 hours was
approxirately .00701 iaches per hour. Although the creep
rato continues to decreass during the entire 3000 hour

exposure the specimens never stopped oreeping. Sese Tables
X and XI.

7.0 ReCOLLENDATIONS

lodified Polyester (Laminao 42352) end Epoxy (Epon 828) are
the best resin aysts;l currently being used at Convair for

e:plications at 325

for 3000 hours,

Althoush these raterfals will do a satisfactory job, they
have the following disadvantages; Lodified Polyester resin
presents a fabricotion prodlem becsuse of excessive flow

during
rathey

oure; the strength of Epoxy (Epon 828) drops off
sharply sbove 325°F,

Therefore, in order to irmprove the relqgorced plastio
egaterials for long tize durotion at 325°F the following
odditiona? work is recommended,

1.
2,

J.

OEPY. § » YW NTI04

New svailable epoxy raterisls should be tested.

These rateriols have higher heat distortion points

than Epon 828 tested in this progras.

A zethod should dbe developed to preimpregnate a
lodified Polyester resin to reduce fabrication
probless,

A paterial and method should de developed to impregnate
Fhenolie parts to reduce the effect of oxidation,

v
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LOAD DEFLECTION SPECIMEN

RIBBON DIRECTION

10.00" -l

P
|"- 2, 00"

4.00

FIGURE 1

OEPT, 6« PWP1387.3.5¢4
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Thermofoam
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BEA! COLULN CRE:P SPECIKEN

RIBBON DIRECTICN

15.00" —g
Take deflection measurements
1 at center of span,

— - End Preparation
Typ for Each End

Test_for 3000 hours at 325°F

(-]
Beanm

P
(Ld

X
) (in.

T

3. oo™

4

_.‘..

“Core”
Pacing Naterial

Route core to 1/4"

Depth, Fill with
Therrofosm, 3ill
oends flat and

parsllel within .CO5",

FIGURE

1 62 {100 | 4 ?
3 0| 80, 4 ?
*Ref, Tadble I Key

2

pert. b~ "P-W-l-“




. .
Y II. .. - ‘
N [ W rr—— .
o e e e o a—— —— R
R
~N
:
o
~H
~
[
-
.
- ~
.
i
.
.
N
PN,
N .
.
iy el s
-
e

- e e et = - - — ——

TeTIgae an

h
TaaT s e

PP
P Sy

Cvamand -,

S e T e e S e T L e
- .. [ - . - .. S S P - .L s T - RN ce - .. - - e —
.., L) ¢ ; : i e . T fosT Tl T
- ca e e . M - - .® Y. —— -l g sema
s en s gGBE-30_POISL (TC2Y_OWITNIT). @3WITHST PTTOS§ 2T = - St
o C v R R R e g Tt Tl e s - oy
e R L 1 !«ii.r Pt S Lt SO e S X |
Saf - b P oo : -t = he TRl e e e AL T T e ===y
A By o b e T et e s e e B =i
——— . —pme e g
* . -
- * .
— e e i T
-—
NS
~ TR “ Lg -
Tl ) ' . T
~. ; oo .
~ N - -
N
ST o -

ot ——

Y

-

" - pnio




o
)
N !
o, :
~ . .
- A e LI NE-RETEE. .
(] N . d T P T ot : ..vf.'n*n“ﬁll-!y H
- . Ll . . - N L - o - Pt B

S . B e [T R, pamiin S Seni
| : h o - = £ = 3
7 . N b e i :
. ~ 7. | oo LTt :
i ~ N .. - ;
N H
NN M
! L :

)
- [
.

- 5 '
I !

PR S

I I

. -

- . i
.
T e .
e
- -~ ]
. e - R
1y N\ VR ~ N
\ ~ »w,/ ) R
N S
\ ..,r/ /
N N e e




S VN

w
_
i
w
i

KT N
RN

il

aan

P T T iyttt YA S Mpseragetl

© e ., A —— ——_ s .

ok Y TP B 7 SNl st s

T Bt LM s ko Ml

“




- . g R . . . ‘ . .

e
. X .

—— e —— o

CaTwe

& e g

i

'
bl

'lll

o 1<

. Yiider 'i. .

0l e t .:A
' »”.‘d.').q:

B Y st

A TNIO LTt

et

! - : g i S b R &
R T ot S ] e SR =

il

Rt B I )
ST LT e e e

‘.
o pom
]

. i RIS e o R
foi wies . doSEE 3% DeIsel (soui g2g Wodg) Teuwd

; R ST :

../“ eSn el ot 2 ......wmuuﬂ..u.mu .H-.P..l-fu?iwmim.w'»l N P et = '.»I»-rlsﬂlurﬂ.lw.umwllol“.l”nl:«.! M

« . -

K ks 5 8 o © TS S m e s n oo L




[}
i

T

e e e e et v e A A

i

e T
g B i
! | Thee
VL .
B Y e
ST
g .

it

TR
L..;."H,

e

et

iils

N AL
rf

n gy

I

!

‘
Iy
I
s

il

il

goAe

Al

o g g

L

TEERY PO
Tes

‘

!

4.

1
g

itk

..nj

i

1y
. .

o
e

o«

]

Fan

N AN

T
o

B

Hill:,

by

Ny ix

+

il

1
:

i

il

T

T

l

i

sy

{hH

.
]

i

i:. U

Gl 1955 e A - i

[

» ol

o B PERNY: - ]

et "N Yol A i Al



r

| »

; ‘ C o NV A ' R arorr no_F4M-2024
] A DIVISION OF GENERAL DYNAMICS COMORATION m
i mwomo

% TABLE I

}

g LOAD-DEFLECTION (P/A ) BEAM TEST PROCEDURE

i

et | reor 1ow] Soan] 2o B[P S PN T RERD TRRVEL

3 ~—{{Xna] {(Ins) "ERDS ] CERTER |4 SPAN T 5" SPAN] -
: ’ (Ins) iIns) | (In/Min) QIn[Min&
Conolon 506 R.T. | 4.0 | 8.0 | 300 |0.50 | 1.00 | 0.04 0.08
: Epon 828 R.To | 8.0 | 4.0-] 300 |0.75 & 1.50 | 0.04 0.08
Conolon 506 |  325°P | 4,0 | 8.0 | 300 {0.50 | 1.00 | 0.04 0.08
; Epon 828 325°7 | 8.0 | 4.0 | 150 {1.00 | 1.50 | o.04 0.08

* The Epon 828 \undwich was loaded to this value on the 8 in,
! span and then failed on the 4 in. span.

The Conolon 506 sandvich was loaded to thil value on the 4 in,
span and then failed on the 8 in. span.
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4. Inds to be milled flat and parallel within 005",
3. t,; 3 core thickness, ts = sandwioh thickness, te a face
tgioknoss.
. 2, Load Rate (He-: Travel) .08 in/min.
1, Record failing J - 4.
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TYPE 1II
PLATWISE TeNSION SPECIMEN

!

= | .~ TEST BLOCK

—e—— | L os2.03

e 20004880

MARK WITH GREA 33
~" PENCIL TO INDI:WTE
BAG SURPACE

I =S TEST BLOCK
, =

8, Note type of failurv, failing load and surface on whish failure
oocurs,

4, Load rate to be 4770#/min,

3. . Bond the rpeoimen {atc %ii2 t+at dlook with 4227 adhes.ve,
Cure and donding pressure to be specified by Proocess (loatrol.

2, fThe f20ss of both teat bluoks must be flat and perpemiisular
to the ocenterline of the test blocks.

1. B:th faces of the spicimen must be flat and parallel ‘0 each
other.
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