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INTRODUCTION

This is the second part of a two-part report on materials for
impregnating superconducting windings. The first part dealt with
theory, this part contains data obtained at this laboratory during
the past three and a half years.

Most of the information is presented in tabular form, this method
being more concise than a large number of stress-strain diagrams;
also, cross-reference is easier. Many of the stress strain curves
are linear or nearly so; however, some are not, so the nature of the

curve is stated in each case.

Some values are given to five significant figures. This is not
intended to imply that the accuracy of measurement is of this order.
The numbers are given as calculated, and the reader may perform his own
rounding. It will be noticed in some cases that more than one set of
values is given. FKach set was obtained during a separate test, and
the sets of values are quoted separately to give some idea of the
spread of results likely to occur in this type of testing. It is
regrettable that so few specimens of each material have been tested,
but low-temperature testing is expensive and time-consuming. Perhaps
further tests on a particular material may be combined with those

included here and a statistical analysis performed.

Not all specimens were fractured during testing; this was
particularly so under compression, since the maximum load applicable was
limited by the machine and there is a minimum practical size of specimen
which may conveniently be tested. When fracture did not occur we have

stated the maximum stress (and the corresponding strain) which was attained,

believing that any information is better than none for purposes of design.

Some values of work of fracture are given. The method of testing

and results will be further discussed in a separate report.




The units used are those which were in common use here before the
introduction of metrication. Conversion to SI units may be made with

the aid of the tables in Appendix III.

Additional information on these materials has been reported by
Evans et al.1 Supply sources for the various materials are quoted in

this reference,

METHODS OF TESTING

The discussion in Part 1 showed that certain properties of resins

are important for comparison purposes. These are:

thermal contraction
tensile fracture strength
elastic modulus

work of fracture

To this list can be added:

Poisson's ration ( or shear modulus)
toughness (area under stress-strain diagram)
strain at fracture

adhesive bond strength

We measure, or derive, all these, with the exceptions of Poisson's
ratio (which may be expected to be similar for all resins, except
perhaps, when heavily filled), and adhesive bond strength. In addition,
designers are interested in compressive properties, since dipole and
quadrupole windings are usually subjected to compressive stresses during
operation. These, of course, modify the tensile stresses already existing
as a result of differences in thermal contraction between resin and

conductors.

A property which causes trouble, in the case of "rubbery" or "flexible"
resins, is creep. We have not so far attempted to measure this; but the
reader is warned that any resin with a low room temperature elastic

modulus will probably suffer from creep.



Machines for obtaining the data given in this report have already
been described by Middleton2 and Balla. The larger machine (10 tons
capacity) is very rigid and has been adapted for work of fracture

measurements.

We have a preference for 4-point bend tests for measuring strength
and modulus. The specimens are simple and inexpensive. The constant
bending moment over the central portion makes calculation of strain
very easy, and it is simple to correct for non-linearity of stress-
strain curves, see Appendix I. A recent description of the L-point
bend test has been given by Hammant“. In accordance with the theory of
Weibu115, bend tests yield higher fracture strength values, since the
volume of highly stressed material is lower than in a tensile test.
Some comparisons are made in Appendix II., One hopes that the volumes
and thicknesses of resin layers in windings will be small, so that the
bend tests may not give unduly optimistic numbers for fracture strengthse.
Weibull also indicates that, in hrittle materials, a wide deviation in
results is to be expected over a large number of samples. The mean
fracture stress of a very small number of specimens of a given material
may not be close to the true mean value, which he defines as the stress
at which there is a 63% probability of failure, for unit volume of

material.

In cases wherethe stress-strain curves are non-linear, we have given
values of secant moduli, together with values of the strains corresponding

with the intercepts.

Some stress-strain curves (corrected in accordance with Appendix I

where necessary) are given in figures 1 and 2.

CONCLUSIONS

It is not easy to arrive at general conclusions, nor is it possible
to recommend one particular resin system as the best. The designer must

make his choice by considering his particular magnet.




Certain trends are apparent. The addition of particulate fillers
is an excellent way of reducing thermal contraction and increasing
modulus. It does not always increase the fracture strength, and since
it reduces the fracture strain there is often a serious reduction in
toughness: this does not occur, of course, with fibrous fillers.
Excellent results can be got from flexible resins (eg number 6 in
this report), but these resins are viscous, have short pot-lives, and
tend to creep at room temperature. Creep may be reduced by adding

fillers, but at the expense of toughness.

Present interest is in resins similar to number 22. This resin
is not very tough or strong at room temperature, but its toughness,
work of fracture and strength increase considerably at low temperature.
It is reasonably fluid resin, curable at moderate temperatures (60°C),
and has behaved well in windings, appearing to be substantially free

from cracks.
The search is continuing.
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APPENDIX I, DERIVATION OF STRESS STRAIN DIAGRAMS FOR NON-LINEAR
MATERIALS FROM 4 POINT BEND TEST DATA.

Consider a specimen of rectangular cross-section subjected to
pure bending over its central portion, see fig. 3. We assume that
the material has the same stress-strain curve for tension and compression,

in which case Nadai6 gives

(1
o = 2 (2M+ aM
bht ¢3—¢)

where o =  true surface stress
b = width of specimen
h = depth of specimen
M = bending moment
g = inclination with respect to each other of cross-

sections spaced apart by the gauge length ff , over

which the deflection is measured
# is given exactly by

B = sin' (

(2)

rer)
/28 + 25/t

where é; = deflection,

but, when é\ << '!

ﬂﬁ ~ ‘4_é;/ge (3)

Strain at the surface is given by

2 = Vlgé s d ftil__ ()
V4 <*




Now, (1) may be written

o= %%(%.»é.lags%):%'z.,.ggﬁ) (5)

M dg

where o!= "fictitious" stress calculated by assuming that the
material has a linear stress-strain curve,
ie o = &M
bh®

:
Since 0=« M x constant

and £ = é?x constant = @ x constant

(5) can be written

’ ' ’
o= (2+ £ do )= 20 +
3( o' ds 3

£ do’ (6)
3ds

The secant modulus at a given strain € is given by

(C’"/i) is the"fictitious" secant modulus and (Ad/d() is the
"fictitious" tangent modulus. In practice a curve of o' versus £
is drawn through the data points, and the corrected curve obtained

by a simple graphical method based on equation (6).



APPENDIX IT. RELATION BETWEEN FRACTURE STRENGTHS MEASURED RY
TENSION AND BENDING

Weibull5 has applied his theory for the statistical nature of the
strength of materials (which is very briefly discussed in Appendix IV
of Part 1 of this report) to a consideration of the difference between

fracture strengths measured by bend and tensile tests.

Assuming that the material function is of the type

n(a) = ko’n

where k and m are constants, and provided that the stressed volumes

of bend and tensile specimens are the same,he gives

Yien
- (Zm + ’2)

Al

where OL = strength in pure bending (ie obtained from a 4 point
bend test if we assume that failure outside the central

region is unlikely)
CE = strength in tension

Some values of this ratio are given below:

mc 1 2 3 5 7 10 oo

o: o;: 4,0 2.45 2.0 1.64 1.49 1636 1.0

Unfortunately, we do not yet know the appropriate values of m. One

might expect m to lie between 3 and 10, in which case the bend test

will give values which are too optimistic by a factor between 2 and
1.%36. These ratios also tell us the relationship between specimen
volumes for the same probability of failure at the same stress in
bending and tension,eg when m = 3, a bend specimen and a tensile specimen
of half the volume of the bend specimen will have the same probability

of failure at the same stress.




APPENDIX III.

CONVERSION TABLE

1) Stress, Modulus and Toughness*

Original Value
a)in thousands of 1bf/-:m2
b)in millions of lbf/in2

(a) MN/'m2 when
(b) GN/m2 when

Values in SI units

original value is in

original value is in

thousands of lbf/in2
millions of lbf/in2

O 00 2 o1 F Wy O

.0 o1 o2

3

b

<5

.6

.7

.8

-9

0] 0.69] 1.38
6.8 7.58| 8.27
13.79 | 14.48 | 15.17
20,68 | 21.37 | 22.06
27.58 | 28.27| 28.95
34471 35.16 | 35.85
41,36 | h2,05 | L2.74
48,26 | 48.95| L9.6L
55.15| 55.84 | 56.53
62.05| 62.74 | 63.42

2.07

8.96
15.86
22.75
29.64
236,54
L343
50.33
57.22
64.11{

2.76

9.65
16.55
23.44
30433
37.23
Lk.12
51.02
57.91
64.80

3.45
10.34
17.24
24,13
31.02
37.92
L4, 81
51.71
58.60
65.49

b1k
11.03
17.92
2L .82
31.71
38.61
45.50
52.39
59.29
66.18

4,83
11.72
18.61
25.51
32.40
39.30
46,19
53.08
59.98
66,87

5:52
12.41
19.30
26.20
33.09
39.99
46,88
53.77
60.67
67.56

6.20
13.10
19.99
26.89
33.78
Lo.67
L7 .57
54,46
61.36
68.25

=

2) Work of fracture

Multiply the number of ergs/bm2 by ']O"3 to obtain the value

in J/m2

*Original toughness values are in lb.in/in3 (equivalent to lb/inz). SI units

will be in MJ/m3 (equivalent to MN/h2)



TABLES

Numbers in parentheses refer to notes as follows:

(1)

(2)

(3)

(%)

Corrected value obtained by the method given in Appendix I.

Average of two similar wvalues.

Non-linear initially, due to lack of perfect contact between
specimen and test platens. This effect gradually disappears

as stress is increased.

Lower bound obtained from

1/2 (bend fracture stress x bend fracture strain). A more exact
value could be measured from the corrected stress-strain
diagram, but it was felt that the additional work involved would

be unjustified.

Four different bend test configurations were used. They are

illustrated in fig. 4.
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NUMBER |[USUAL NAME RESIN DETAILS THERMAL
IN THIS OR CONTRACTION
REPORT | REFERENCE (INGREDIENT |PARTS CORE [ it l-kar
NUMBER WE IGHT 77 4
1 FMNA 88 MY 740 100 [1 HR.AT 100°C [0-01060 [0-01195
MNA 88 |+4 HRS.AT
DY062 1:75 150°C
1a FMNA 88 AS ABOVE + AS ABOVE
+ SILICA SILICA FLOUR | 100
1b " " 150 0-00670
1c " 200 " 0-:00571 [0:00643(2)
1d " 275 " 0-00549
1e . " 350 " 0-00494 [0-00558
1 “ " 400 " 0-00457 [0-00523
1g_ ’ " 450 v 0-004610-00515
2 FMNA 65 MY 740 100 0-00963 |0-:01086
MNA 65
DY062 05
2a FMNA 65 AS [2] +
+ SILICA SILICA FLOUR | 250
2b FMNA 65 AS [2] + 0-00379 [0:00415
+BALLOTINI  |BALLOTINI<43p
3 FMNA 80 MY 740 100 [GEL AT 80°C [0-00990 [0-01141
MN A 80 |+10 HRS, AT
DY062 0-5 120°C
3a FMNA 80 AS [3] + 4 HRS. AT 150°C|0-00026 [0-00025
+CARBON FIBRE|CARBON FIBRE
3b FMNA 80 AS [3] +Al,0, 0-00221 [0-00234
+SINTOX RUMBLINGS
3¢ FMNA 80 AS [3]+ SLOWLY TO 150°C{0-00391 [0-00432
+BALLOTINI  [BALLOTINI<43u OVER 2 HRS.+
2 HRS. AT 150°C
3d - WITH BALLOTINI i 000361 [0-00403
3e 210-105u 0-00360 [0-00412
3f " WITH BALLOTINI 0-00365 |0-00410
354 -177u
3g . WITH BALLOTINI 0-00357 [0-00395
840-177p
4 EPON/EMPOL |EPON 828 | 100 [2HRS.AT 65°C |0-:01464 |0-01638
HY 964 134 |+4 HRS. AT
EMPOL1040 | 26 149°C
BDMA 1

TABLE 1
10




TOUGHNESS

WORK OF

FRACTURE NUMBER
Ib. in/in.? erg/cm? REMARKS IN THIS
RT | 4K | RT | 4K REPORT
1
la
1b
1c
1d
le
1
1g
18200 (11000 2
(4)
10200 2a
488 |[1850 ABOUT 76% BY WEIGHT OF BALLOTINI 2b
(SMALL GLASS SPHERES)
2650018270 | 1.0 | 7:2 3
x10% | x10%
17400 |29700 ABOUT 60% BY VOLUME OF 3a
(4) () PARALLEL ROVINGS OF FIBRE
VIBRATED RUMBLINGS IMPREGNATED 3b
WITH RESIN
1412 | 3062 ABOUT 77-4% BY WEIGHT OF 3c
(4) BALLOTINI
2720(4)| 4170 WITH DYO062 3d
3690(4){4200(4) WITH 1pbw DY063 IN PLACE OF DY062 3¢
2528 2477 WITH 1pbw DY063 IN PLACE OF DY062 3f
8394 | 151 |WITH 1pbw DY063 IN PLACE OF DY062 3g
10786 |14569 4
(&)

TABLE 2
11



R — BEND TEST. ROOM TEMPERATURE
IN THIS SPECIMEN [MAX. OR FRACTURE VALUES| MODULUS VALUES
REPORT WIDTH x |FAILED ., [STRAIN[LINEAR 5, |STRAIN
TYP DEPTH ins. | 2 STRESS Ibf/in N ” E Ibf/in o
1
fa
1b
ic
1d
1e
1
g
2 2 YES | 12700 (1) 2-:87 | NO 5:35x10% | 1-0
2a
2b 1 |0:544x0124| YES 4879 0-20 | YES | 2-36x10°%
3 0:437x025 | YES 16800 3.16 [NEARLY| 5.2 x 10% | 02
(10 TESTS)
3a 1 (0399 x 0125/ YES | 104800 1y | 0-33| NO | 3-34x107(n» | 0-2
3b
3c 1 |0-539 x 0125 YES | 7569 (1 0-37 |UP TO| 2:32 x10% | 0-2
02
3d 2 |0-535x0-128] YES | 11850 (1 | 0-46| NO | 3:-16x10%) | 0-2
3e 2 10545 x 0-126{ YES | 13330 (1 | 0:-55| NO | 2.88x10¢€ 0-2
3f 2 |0:542x0-127| YES | 11211 < [ 045 | NO | 2-86x10° 0-2
3g 2 (0582x 0128/ YES | 6380 (1 0:26 |NEARLY| 2-50x10% | 0-2
4 2 10521 x 041200 NO | 6235 (1) | 346 | NO 315 x10%n | 10

TABLE 3
12




BEND TEST. 4
E S ; NUMBER
SPECIMEN [MAX.OR FRACTURE VALUES| MODULUS VALUES IN THIS
TYPE| WIDTH x |[FAILED ., [STRAIN|LINEAR : STRAIN| REPORT
TR 2 2
oerri e | [STRESS totinz PTANLTEAR) £ (bgjinz ST

1

1a

1b

1c

1d

le

14

1g

2 |0:522x0152| YES 15300 144 | YES 1.-07 x 10® 2

1 |0-502 x0-128[ YES 21500 095 | YES | 2-27x10°% 2a

1 0519 x 0124 YES 11933 0-31 | YES | 3-25 x10°® 2b

0-250x0-162| YES 21000 1-74 | YES 1-0 x 106 3

(16 TESTS)

1 [0-400 x 0125( YES 131000 0-45 [ NO 3-12x10"7 1y | 0-2 3a

3b

1 |0517 x 0125 YES 15157 0-40 | YES | 3-77x 108 3c

2 |0-497x 0428 YES 18996 0-44 | YES | 4-38x106 3d

2 |0-543 x0-126| YES 18880(1) | 0-44 | NO 4-5 x 10¢ | 0-2 3e

2 |0-507 x 0125 YES 14319 0-35 | YES | 410 x10€ 3f

2 (0565 x0127| YES 3394 0-09 | YES | 3-83 x10% 3g

2 (0-491 x 0-120] YES 17649 1-65 | YES | 107 x 10¢ 4

TABLE 4
13




COMPRESSION TEST.

ROOM TEMPERATURE

NUMBER
IN THIS SPECIMEN [MAX. OR FRACTURE VALUES MODULUS VALUES
REPORT [tene{ SECTION [FAILED L ISTRAIN|LINEAR _ STRAIN
L s n  [STRESSbf/in?[~ o " | o | E Ibf/in? |7,
1
1a 1-06|/0-6 DIA. | NO 3536 0-60 |[YES (3] 6-70 x10°%
1b
1c
1d
1e
1
g
2
2a
2b 2-0 |0-612 DIA. | NO 3399 0-22 [YES (3] 1:77 x10¢
3 2:0 /0611 DIA. | NO 3410 0-69 |YES (3| 5-24 x 10°
3a
3b
3c 198 (0-605 DIA.| NO 3478 0-25 |VYES (9] 1-52x10°¢
3d 1:02[0:607 DIA.| NO 3455 0-32 |[YES (»] 1-22 x10®
3¢ 1-04/0-606 DIA. | NO 3466 0-31 |YES(»]| 137 x108
3f 0-99(0:612 DIA.| NO 3399 0-33 |YES(3| 1-16 x 10°
3g 1-05(0-616 DIA. | NO 3355 0-34 |YES (9| 1-10x 10®
4 1-0410-596 DIA.| NO 3584 0-14 |YES ()| 2-86 x10°
TABLE 5§

1k




COMPRESSION TEST. 4K NUMBER
SPECIMEN |[MAX. OR FRACTURE VALUES| MODULUS VAWJES ';E;g;
eno™{ SECTION (FAILED _,ISTRAIN|LINEAR] ., [STRAIN
2 2

ine i o [STRESS Ibf/in o " E Ibf/in “
1

1-:03]0-598 DIA.| NO 3560 0-41 |YES(3)| 9-45x10% 1a
1b
1c
1d
1e
11
19
2
2a

2:0 |0-613 DIA. | NO 3387 0-17 [YES(n| 2:-11x10¢ 2b
3
3a

1-05(0-609 DIA.| NO 3433 (0-38 |[YES(3)| 1:41x10€ 3b

2:0 |0-605 DIA.| NO 3478 0-17 |YES()| 2:27x10°¢ 3¢

1-03|0:605 DIA.| NO 3478 0-26 |YES(3»| 1-50x10€ 3d

1-06 |0-607 DIA.| NO 3455 0-23 |[YES(®»| 1-60x 10 3e

2-03|0:609 DIA.| NO 3433 0-16 [YES(| 2-24x10€ 3t

1:0 |0-611 DIA.| NO 3410 0:28 [YES(:| 1-43x10¢

1-02|0-618 DIA.| NO 3333 0-26 |YES(3| 1-45x10¢ 3g

1-:05]0-595 DIA.| NO 3596 0-58 |YES(m| 7-0x 10% 4

TABLE 6
15



USUAL NAME THERMAL
ll:‘UMTBHEII; - é)RRENCE RESIN DETAILS EEARACHIOR
REPORT | NUMBER  |INGREDIENT Pz%; i core |-/ ocar |-/ ocar

5a EPON /DSA/ | 828 100 0-01435 |0-01594

EMPOL DSA 115-9

5b 1040 20 0-01405 |0-01581
BDMA 1

6 LA ADIPRENE L100| 50 |2 HRS.AT 100°C
828 35 |[+3HRS.AT140°C

6a 871 15 |5 HRS. AT 140°C |0-01517 |0-01644
MOCA 27-5

6b 4LA DER 332 IN 5 HRS. AT 141°C |0-01413 |0-01546
PLACE OF 828

6¢ LA +SILICA |AS[6] + 2 HRS. AT 100°C [0-00989(0-01081
SILICA FLOUR| 100 {3 HRS.AT 140°C

6d 4A +SILICA " 200 " 0-00802 {0-00873

6e 4LA + SINTOX |AS[E]+Al2 03 0-00320 [0-00345

6f RUMBLINGS 0-00269|0-00330

7 ADIPRENE L100 50

50/ 50/ 30 828 50

MOCA 30

8 ADIPRENE L100 70 |2 HRS. AT 100°C+|0-01652 |0:01785

70/30/20 5 HRS. AT 140°C

8a MY 740 30 |5HRS. AT 140°C 001640 |0-01775
MOCA 20

8b " DER 332 IN 5 HRS AT 141°C [0-01833 |0-01959
PLagE " 2 | (@

8c ADIPRENE 70/30/ |AS [8] + 2 HRS. AT 100°C+

20 +SILICA  |SILICA FLOUR| 100 |3 HRS. AT 140°C

8d ADIPRENE AS [8] + 5 HRS. AT 140°C |0-01848 [0-01978

70/30/20 + BGE BGE 4

9 ADIPRENE L100 70 |5 HRS. AT 140°C [0-01985 |0-02119
70/30/17-5 MY753 30
MOCA 17-5
10 ADIPRENE L100 70 |5 HRS. AT 140°C[0:018660-02004
70/36-2/19-2 | MY 753 36-2
MOCA 19-2
1 ADIPRENE L100 70 |5 HRS.AT 140°C [0-01897 {0-02029
70/21/9/17-8 | 828 21
871 9
MOCA 17-8
TABLE 7

16




WORK OF

TOUGHNESS
b in“n? FRACTURE NUMBER
' : erg./cm.? REMARKS IN THIS
RT | 4k | RT | 4K REFORT
828 AND 1040 MIXED AT 100°C, 5a
COOLED TO RT,DSA AND BDMA ADDED
MIXED AT ROOM TEMPERATURE 5b
19350 9.0 x |POT LIFE ~ 1 HR. 6
1058
14 450¢4) 6a
30630
27900 6b
(4)
6770 POT LIFE ~ 1 HR 6¢c
(4)
8400¢4) 6d
RUMBLINGS 0-055" —0-066" 6e
RUMBLINGS 0-139" -0.156" 6f
10490 7
26590 POT LIFE ~ %2 HR. 8
14700
25000@) 8a
1300 ()
17990 8b
7681 POT LIFE~Y HR. 8¢
8d
9
10
1"

TABLE 8
1T



NUMBER
IN THIS
REPORT

BEND TEST.

ROOM TEMPERATURE

SP

ECIMEN

[MAX. OR FRACTURE VALUES

MODULUS VALUES

TYPE

WIDTH x
DEPTH ins

FAILED|

» [STRESS (bf/in?

STRAIN
o

LINEAR
?

E Ibf/in?

STRAIN
*ls

5a

Sb

6

6a

0-530x0-297

NO 1091 (»

3:99

NO

37250

1-0

6b

6¢c

527 x 0-252

NO | UNRELIABLE

0-35

NO

38740

1-0

6d

0-506 x 0-251

NO 2610 (n

3-20

NO

1-26 x 108

1-0

6e
6f

7

0510 x0-234

NO 6890 (1)

3:32

NO

2-79 x 108

1-0

8a

0-502x0-344

NO 687

5.-53

NO

14160

1-0

8b

8¢

8d

10

n

TABLE 9
18




BEND TEST. 4K

NUMBER
SPECIMEN MAX.OR FRACTURE VALUES| MODULUS VALUES IN THIS
- PORT
WIDTH x AIL.ED}STRESS Ibfin? srsmN LINEAR E Ibf/in? srr.zfm REPO
DEPTH ins.| * .
5a
5b
1 [0:511 x 0-246| YES 21997 176 | YES 1.26 x10°8 6
1 |0:540x0-285 YES 19400 (1) | 1-49 | NO 1.40x10% | 0-2 6a
4 1002 x 0-504| YES 27722 2:21 | YES 1-30 x10¢
1 |0-506 x 0-316] NO 27000 (1) | 2:07 [FAIRLY| 1.32x10° | 10 6b
1 10-518 x 0:259| YES 18000 (1 | 075 |NEARLY] 2:44x10% | 0-2 6¢
1 |0.516 x 0-255| YES 24320 (1) | 069 | NO 3.92x108 | 0-2 6d
' 6e
6f
1 0521 x 0-216| YES 16790 1.-25| YES 121 x 10§ 7
1 [0517 x 0-216] YES 25692 2.07 | YES 1-26 x 106 8
1 0-542x 0-341] YES 20291 145 | YES 1-38 x 10¢
1 10-537x 0-160| YES 23600 (» | 2:12| NO 1.26 x 108 | 1.0 8a
1 10-535x0355 NO 17800¢1) | 1-27 INEARLY| 145 x10%| 10
1 [0-533x0306| YES 21808 1.65 | YES 1-31x10¢ 8b
1 10-537x 0203 YES 18443 0-83 | YES 2:22x106 8¢
8d
9
10
11

TABLE 10
19




"*UMBER COMPRESSION TEST. ROOM TEMPERATURE
N THIS
REPORT LspscmsN MAX. OR FRACTURE VALUES| _MODULUS VALUES
ENGTH N
SECTION |FAILED| o |bfm=]57'3“'“1"'”":“"1 E Ibf/in2 PTRAIN
ins. ? A ? Y,
S5a
5b
6
6a 2:0 (05697 DIA.| NO 1785  [4-82 | NO 43 x10% | 1.0
6b 2:0 [0-596 DIA.| NO 1791 62 [ NO [ 46 x10%[ 1.0
6¢
6d 2:0 [0-625 DIA.| YES | 10221 3.91 | NO 5.45x 108 [ 1.0
6e 2:0 [0-625 DIA.[| YES | 8031 2206 | NO | 5-84x10%| 10
61
7
8
8a
8b 2:0 (0609 DIA.| NO 617 8.29 INEARLY[ 8350 1.0
8¢
8d
9
10
"
TABLE 11




COMPRESSION TEST 4K

SPECIMEN

MAX. OR FRACTURE VALUES

MODULUS VALUES

LENGTH
ins.

SECTION
ins.

FAILED
?

STRESS (bf/in?2

STRAIN

®le

LINEAR
?

E Ibf/in?

STRAIN
*ls

NUMBER
IN THIS
REPORT

5a

5b

2:0

0-597 DIA.

NO

3571

0-39

YES

9-83x 10°

6a

2:0

0-599 DIA.

NO

3548

0-42

YES

8-5 x 103

6b

6¢

2:0

0-625 DIA.

NO

35775

0-27

NO

133 x 107

6d

6e
6f

8a

2:0

0-:610 DIA.

NO

3420

0-43

YES

7-50 x 103

8b

8¢

8d

10

n

TABLE 12
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NUMBER USUA"ORNAME RESIN  DETAILS S EERR
IN THIS CONTRACTION
RERORT REP\ITJEL:IQBEENRCE INGREDIENT P%RTS 3 e
WEIéHT ~ CORE —/,dT —/ XdT
12 MY 740/MS 2000 | MY740 100 |2 HRS.AT 100°C [0-01611 [0-01785
MS 2000 200 |+2 HRS. AT 140°C
12a MY740/MS 2000 | AS [12] + " 0-00508 [0-00564
+ BALLOTINI  [BALLOTINI<43p
12b MY740/MS 2000| AS [12] + " 0-00878|0:00960
+ SILICA SILICA FLOUR
13 41 MY 740 30 |10 HRS. AT 100°C |0-01099 |0-01252
CY 208 70 [+5 HRS AT 150°C
MNA 52
13a 41+ BALLOTINI | AS [13] + " 0-00399 [0-00442
BALLOTINI
13b 41 + SINTOX [ AS [13] + 0:00243|0-00253
SINTOX 0:00182|0-00177
14 42 L100 50 |10 HRS. AT 100°C [0-01607 [0-01743
CY208 30 |+5HRS.AT150°C
MY 740 20
MOCA 17
15 CY208 75 |10 HRS.AT125°C [0-01134 |0-01287
MY 740 25
MNA 62:5
DY063 2
16 CY208 50 |10 HRS AT 125°C [0-01057 [0-01246
MY 750 50
MY 905 75
DY061 01
17 43 L100 50 [10 HRS.AT 100°C |0-01651 [0-01782
MY 740 30 |+5HRS.AT150°C| (2) (2)
871 25
MOCA 25
7a 43 + BALLOTINI | AS [17] + " 0-00549 [0-00583
BALLOTINI
18 43H L100 50 |5 HRS.AT 140°C |0-01679 [0-01789
MY 740 30
871 20
MOCA 25
18a 43H + SINTOX | AS [18] + " 0-00360 [0-00388
SINTOX 0-:00320 [0-00340

TABLE 13
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WORK OF

HNE
ko N.S,S FRACTURE NUMBER
Ib. in/in erg/cm? REMARKS IN THIS
- REPORT
RT 4K RT LK
12
ABOUT 75% BY WEIGHT OF BALLOTINI 12a
12b
13
PROPORTION OF BALLOTINI NOT KNOWN, 13a
PROBABLY ~ 75% BY WEIGHT
RUMBLINGS 0:055"- 0:066" 13b
RUMBLINGS 0:139°-0-156"
14
15
16
17
PROPORTION OF BALLOTINI NOT KNOWN, 17a
PROBABLY~ 75% BY WEIGHT
11470 18
RUMBLINGS 0-055" 0-066" 18a
RUMBLINGS 0-132-0-156"

TABLE 1k
23




NUMBER
IN THIS
REPORT

BEND TEST.

ROOM TEMPERATURE

SPECIMEN

MAX. OR FRACTURE VALUES|

MODULUS VALUES

WIDTH x
e DEPTH ins.

FAILED

» [STRESS Ibflin?

*le

STRAIN|LINEAR|

?

E Ibf/in?

STRAIN

“ls

12

12a

12b

13

13a

13b

14

15

16

17

17a

18

18a

TABLE 15
ol




BEND TEST. 4K NUMBER

SPECIMEN [MAX. OR FRACTURE VALUES MODULUS VALUES IN THIS
WIDTH x |FAILED STRAIN|LINEAR STRAIN| REPORT

in2 ;9
TVPE| comh ins. | 7 [STRESS tfin?l™ 0 T, E Ibtlin? [,

12

12a

12b

13

13a

13b

14

15

16

17

17a

4 |0-973x0-6098( YES 15600 1-47 | YES 110 x 108 18

18a

TABLE 16

ol




COMPRESSION TEST.

ROOM TEMPERATURE

NUMBER
IN THIS SPECIMEN MAX. OR FRACTURE VALUES| MODULUS VALUES
REPORT [LeNé™M SECTION [FAILED .
ing& ! ins 2 [STRESS Ibfrirt PTUANLINEAR) £ (g jnz [STRAN
12
12a
12b
13 198 (0-592 DIA.| NO 1453 0-41 |YES(3)| 3-78 x105
13a 2:03(0-605 DIA.| NO 1739 0-13 |[YES (0| 1-61x10¢
13b
14 2.0 |0-6 DIA. NO 70 8-5 NO 2.0 x10%* | 1-0
15
16
17 2:0 |0-585 DIA.| NO 446 3-91 NO 172 x10% 1-0
2:0| 0-6 DIA. | NO 353 711 |[YES (]| 4-2 x 10?
17a
18 2:0 | 0-587 DIA.| NO 314 499 | NO 1-10x 10 | 10
18a 2:0 |0:-616 DIA. | NO 3355 2:02 | NO 2-24 x10% | 10
2:0 |0-597 DIA.| NO 3572 2:55 | NO 1-50x10% | 1-0

TABLE 17
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COMPRESSION TEST 4K

NUMBER
SPECIMEN |MAX. OR FRACTURE VALUES| MODULUS VALUES IN THIS
IN . STRAINl  REPORT
enery  SECTION  [FALEDIGrpeos intrin o |- o | E tbtin? g
tns. ins. b /o ! »
12
12a
12b
198 [0-592 DIA.| NO 3633 0.-52 |YES(»| 7-62 x 103 13
2-03|0:605 DIA. | NO 3478 0-16 |[YES (| 269 x10°¢ 13a
13b
2.0 |0-6 DIA. | NO 3536 0-68 [YES (3| 5-95 x 10° %
15
16
2:0 |0.583 DIA. | NO 3746 0-38 |YES()]| 1:07x10¢ 17
2:0 [0-601 DIA. | NO 3524 0-41 |YES(»| 9:30 x 10°%
17a
2:0 |0.587 DIA. | NO 3695 0-37 |YES(»| 1-07x10€ 18
2-0 10-502 x 0-500 NO 36055 YES 9.0 x 10°®
2-0 [0-625 DIA. | YES 26000 0-37 FARRLY | 7-05x10% 18a

TABLE 18

(o}




Numpgr [USUAL NAME RESIN DETAILS THERMAL
IN THIS oR CONTRACTION
REFERENCE
REPORT NUMBER INGREDIENT PAéVS CORE - gc’.':n - ozc"
WEIGHT 7 4 y
19 45 L100 50 B HRS.AT 140°C [0-01481 [0-01634
828 35
871 15
MOCA 29-6
PGE 10
19a 45 +BALLOTINI | AS [19] + " 0-00499 [0-00542
BALLOTINI
20 50 CY208 100 [15 HRS. AT 100°C |0-01536 |0-01690
MNA 37 |+5HRS.AT150°C
BDMA 1
20a 50+ SINTOX AS [20] + o 0-00298 [0-00326
SINTOX
21 66 MY790 100 [16 HRS.AT 85°C |0-01125 [0-01255
T403 27
D1000 33
22 53 MY 740 100 [16 HRS.AT 60°C [0-00985 [0-01092
D230 L4 (2) (2)
23 7 MY 740 100 [16 HRS. AT 60°C |0-01130 [0-01205
POPDA 400 57
CYCLOHEXYL | 10
DIAMENE
24 EPIKOTE / DDM/|EPIKOTE 828 | 100 [0-00558 |0-00638
Al,0, DDM 7
BF3 3
Al,0, POWDER| 55
25 STYCAST 2 HRS. AT 100°C [0-00375 [0-00404
2850 GT
26 STYCAST " 0-00400 [0-00444
2850 FT
27 [ECCOBOND 285 » 0-00419 [0-00472
28 146 MY 740 100 [12 HRS.AT 60°C [0-00555 [0-006 26
D230 L4
ZIRCOSIL 600
28a 147 AS [28] BUT » 0-00334 [0-00369
ZIRCOSIL 700
29 165 MY 745 80 |3 HRS.AT 100°C |0-00297 |0-00334
H121 15
ZIRCOSIL 400

TABLE
28

19




TOUGHNESS

Ib. in/in?

WORK OF
FRACTURE
erg/cm?

RT

4K

RT 4K

REMARKS

NUMBER
IN THIS
REPORT

19

19a

20

RUMBLINGS 0-055"- 0-066"

20a

21

3-0x
10%

22

3-6
x 103

23

24

EMERSON AND CUMING. CATALYST 1

25

947
(%)

3470

26

27

ZIRCONIUM SILICATE FILLER

28

28a

29

TABLE 20
29




NUMBER
IN THIS
REPORT

BEND TEST

ROOM TEMPERATURE

SPECIMEN

[MAX. OR FRACTURE VALUES

MODULUS VALUES

TYPE

WIDTH x
DEPTH ins.

FAILED
2

STRESS Ibf/in?

STRAIN
%l

LINEAR
?

E Ibf/in2

STRAIN

*le

19

19a

20

20a

21

22

23

24

25

26

0-501 x 0125

YES

5900 (n

0-32

NO

2-0 x10%

0-2

27

28

28a

29

TABLE 21
30




BEND TEST 4K

SPECIMEN

MAX. OR FRACTURE VALUES

MODULUS VALUES

TYPE

WIDTH «x
DEPTH ins.

FAILED
?

STRESS (bf/in?

STRAIN

“ls

LINEAR
?

E Ibf/in?

STRAIN

%l

NUMBER
IN THIS
REPORT

18

19a

20

21

0-504 x 0148

NO

16056

1-86

NO

1-075 x10¢€

1:0

22

0:498x 0-148

NO

~ 9000

1-37

NO

1-11 x 10¢

0-2

23

24

25

0-522 x 0-126

YES

16452

0-42

YES

3-93 x 106

26

27

28

28a

29

TABLE 22
31




NUMBER COMPRESSION TEST. ROOM TEMPERATURE
IN THIS | SPECIMEN |MAX. OR FRACTURE VALUES| MODULUS VALUES
REPORT pexeri| SECTION FAILED}S _,|STRAIN|LINEAR ., [STRAIN
- -y o TRESS Ibf/in o, o E Ibf/in o
19
19a
20  [1-960-598 DIA.| NO 81 8:67| NO | 1-36x10% [ 1-0
20a  [2:03|0-615 DIA.| NO 2091 [5-92 [ NO | 82 x 10¢ | 1-0
21 2:0 [0-599 DIA.| NO 3548 1:41 VES (n] 263 x 10%
22 2-0 [0-585 DIA. [ NO 3720 0-85 |VES (| 4-87 x 10°
23 1:96 [0-471 DIA. [ NO 5680 1-42 FAIRLY | 3-98 x 10%
24
25
26
27 0-502 x 0-502] NO 17500 16 | NO | 1-92 x10¢ [0-2
28 [1-94[0-499x0-504| NO 8906 0-89 [ NO | 113 x 10¢ [0-2
28a  [1198[0:531x0.464] NO [ 15910 NO | 2:0 x 10¢ 0.2
1-98 [0-531x 0464] NO | 12273 0-93 | NO | 1-67x10¢ |0-.2
29  [2:04[0-616 DIA. | NO | 11274 0-49 |VES (n1| 2-50 x 10°

TABLE 23
32




COMPRESSION TEST. 4K

NUMBER
SPECIMEN MAX. OR FRACTURE VALUES MODULUS VALUES IN THIS
LENGTH
- SEQTION FAIL STRESS lbmn,STl:\’AIN LINEAR E Ibf/in? ST!?AIN REPORT
ins ins 7 lo T fo
19
19a
2:0 10602 DIA. | NO 3560 0:42 |YES (3) 9-45 x10% 20
20a
21
22
23
24
25
26
0-502 x 0-502| YES 46500 1-47 |NEARLY| 3-90x 10% 27
1:94 [0-504 x 0-499| YES 41051 1-67 [YES (»| 2-70 x10°8 28
196 [0-498 x 0-513] NO 45155 1101 [YES(3)| 4-88x10°¢ 28a
2-04(0-616 DIA. | NO 60143 1.27 |YES(3)| 5:0 x10°€ 29

TAELE 24
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USUAL NAME

THERMAL

T: hﬁﬁ: OR Rl HeiaiLo CONTRACTION
report | REFERENCE PARTS e T
NUMBER INGREDIENT | BY CORE -/ XdT|-/ &dT
IGHT 77 4
30 176 MY 745 100 [3 HRS.AT 100°C |0-00281 |0-00310
H121 23 (2)
ZIRCOSIL D | 550
31 187 MY 745 300 |3 HRS.AT 100°C |0-00370 [0-00415
H121 54
ZIRCOSIL 5 [1000
32 150 MY 745 100 [3 HRS. AT 100°C [0:00414 |0-00460
D230 35 0-00550 [0-00585
Al,0; POWDER| 350
CARBON BLACH 4
33 164 MY 745 100 |3 HRS.AT 100°C |0-00372 |0-00403
H121 18
Al,0,POWDER| 340
34 149 MY 745 100 (3 HRS. AT 100° C [0-00422 |0-00470
DY 021 20
Al,0,POWDER | 435
CARBON BLACK| 4
35 121 MY 790 100 |3 HRS. AT 100°C |0-00440 [0-00498
BGE 12
Al,03POWDER | 360
CARBON BLACK| 20
CATALYST 11
36 162 MY 745 100 |12 HRS. AT 60°C |0-00697 [0-00784
D 230 L4
TALC 75
Al POWDER | 35
37 127 MY 745 100 [12 HRS.AT 85°C [0-00667 [0-00751
D230 4L, OR (2) (2)
TALC 70 |16 HRS. AT 60°C
37a 161 AS [37] BUT 12 HRS. AT 60°C (000506 [0-00577
TALC | 100 (2)
37b 163 AS [37] BUT ” 0-00592 |0-00661
TALC 120
37c 125 AS [37] BUT GEL AT 70°C + |0-00573 |0-00638
TALC 140 |12 HRS.AT 85°C (2)

TABLE 25

3




TouGHNESs | WORK OF
b. in/in? FRACTURE NUMBER
) erg/ cm? REMARKS IN THIS
RT LK RT LK RERa
7510¢4)| 9900 | 2+:4 | 2:9 30
15820 | 7140 | x10% | x10°%
(4)
4410 | 3800 31
6860
32
33
34
18620 | 9000 35
(4) (4)
36
2770 13990 16% TALC BY VOLUME 37
(4) (4)
2510 2030« 22°%s TALC BY VOLUME 37a
(4) 24104 ,
2470 [5220(4)| 3-2 | 2-4 |25°% TALC BY VOLUME 37b
(&) [7250) | x10% | x10%
1730 [1700 28°%. TALC BY VOLUME 37c
(4) ()

TABLE 26
35



5 . R P
MUVEER END TEST OOM TEMPERATURE
IN THIS SPECIMEN MAX. OR FRACTURE VALUES MODULUS VALUES
REPORT WIDTH x |[FAILED ., [STRAIN|LINEAR ., [STRAIN
TYPE DEPTH ins.| 2 STRESS Ibf/in i, " E (bf/in i,
30 3 [0-505x0-124| YES | 15700 (1 | 0:96 | NO 2:52 x10% | 0-2
3 [0-458x0-187| YES | 13700 (n 2:31 | NO 2:94x10% | 0-2
31 3 |0:544 x0-123| YES 13253 067 |[FAIRLY| 1-90x10% | 0-2
3 0-533x0-123| YES 16908 0-81 |FAIRLY| 1:90x108 | 0-2
32
33
34
35 3 0:492x04193| YES | 11120 ) 335 NO | 180 x10%1)| 0-2
36
37 3 [0-498x0:220| YES 5550 (i | 10 | NO | 7-40 x105»| 0-2
37a 3 [0-499 x 0177| YES 5240 (1 | 067 | NO | 9-70 x10%(» | 0-2
37b 3 |0-497 x 0-:211| YES 5140 (n | 096 | NO | 7:74x10%m | 0-2
37c 3 |0-503x0220| YES | 4870 (m | 071 | NO | 860x10%m | 0-2
TABLE 27
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BEND TEST 4K

NUMBER
SPECIMEN |MAX. OR FRACTURE VALUES| MODULUS VALUES IN THIS
WIDTH x |FAILED ._2ISTRAIN|LINEAR .5 ISTRAIN| REPORT
TYPEDEPTH S " STRESS [bf/in o " E (bf/in %
3 |0-515 x 0125 YES 32194 061 | YES | 5:25x10¢ 30
3 |0-448 x0188| YES 27555 0:52 | YES | 5.30 x 10¢
3 |0-521 x 01125 YES 16749 0-45 | YES | 367 x10¢ 31
32
33
34
3 |0-492 x0192| YES 27063 0:66 | YES | 407 x10¢ 35
36
3 [0552 x 0124 YES 9818 (1 [ 081 | NO | 1132x10%m | 0.2 37
3 0497 x 0193| YES 7808 (v |0-52 | NO | 1-64x10%) | 0-2 37a
3 (0538 x 0124 YES 7770 (v |0-62 | NO | 143 x10%m | 0-2 :
3 |0550 x0122] YES | 11600 (1 |0'90 | NO | 1-71 x 10%) | 0-2 37b
3 |0:497 x0199] YES | 10000 (v | 1-45 | NO | 1-20x 10%n | 0-2
3 [0-503x 0220 YES 6960 (1) | 049 | NO 1:51 x 108 | 0-2 37

TABLE 28
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NUMBER COMPRESSION TEST. ROOM TEMPERATURE

IN THIS SPECIMEN MAX. OR FRACTURE VALUES| MODULUS VALUES

REPORT
WH SE(;TION FAILED STRESS [bf/in? STF.?AIN LINEAR E Ibf/in? STI.RAIN
ins. ins. ? /s ? fo

30 2:0 0-502 x 0501 NO 22266 1421 | NO 2:92x10% | 0-2

31 2:0 |0-495x0494) NO 27023 3-:39 | NO 1.55 x10% | 1-0
32 1-99/0-382 x0-421] NO 11142 0-81 NO 1-20 x 10% | 0-2
33 2:0 |0-602 DIA. | NO 25970 1:99 NO 1-85 x 10% | 1-0

34 2:0 |[0-563 x 0-600] NO 19893 179 | NO 146 x 10® 1-0

35 2-0 [0-494 x0492] NO 17510 1-35 | NO 1-75 x10 € 0-2

36 2-0 |0-602 DIA. | NO 9837 2-50 | NO 6-25x10°% | 1-0

37 2-0 |0-488 x0500] NO 10098 2-39 | NO 6-30 x10% | 1-0

37a 2-0 |0-612 DIA. | NO 7614 1-:30 | NO 6-25x 105 | 1.0

37b 2-0 |0-607 DIA. | NO 8514 2.09 [ NO 6.-20 x 105 | 1.0

37 1-81|0-504 x0-496| NO 9856 2:59 | NO 4-85 x10% | 0-2
TABLE 29
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COMPRESSION TEST. 4K

NUMBER
?:ECIMEN MAX. OR FRACTURE VALUES| MODULUS VALUES IN THIS
LENG
ok sscizglspN FAI%EDSTRESS Ibf/in? STFBII.\IN LINEAR E 1bf/in? STF.%f.INi REPORT
2:0 [0-503 x 0504 NO 35278 0-75 | NO 3-75x10¢ | 0-2 30
2-0 /0492 x 0-496| YES 67990 1-77 |YES (| 4-10x 108 31
1-99 10382 x 0-421| NO 62364 1:50 |VES (3| 435 x 10€ 32
2.0 |0-605 DIA. | NO 62334 164 WVES| 4-20x 10€ 33
2:0 [0-612 x 0-547| NO 26765 065 [YES(m| 433x10€ 34
2.0 [0-492 x 0:494| NO 27648 0-80 |[VES | 387 x10¢ 35
2-0 (0-603 DIA. | YES 28237 2:30 | NO 1:30x10¢ | 1.0 36
2-0 [0:490 x 0-502| YES 27319 2-59 [ NO 1-20 x 10 1-0 37
2-0 |0-614 DIA. | NO 25721 2:52 | NO 1-13x10¢ | 1-0 37a
2:0 |0-609 DIA. | YES 20762 1-97 | NO 110 x 10¢ | 1-0 37b
1-82 /0-502 x 0-496| YES 22041 2:02 | NO 1-30 x 108 | 1-0 37¢c

TABLE
39
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FIG 3. 4 POINT BEND TEST
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FIXED SU PPORTSN

‘GAUGE LENGTH

Lk/—P—EXTENSOMETEF\’ PROBE
: \/

SPECIMEN

j 7N A i
TYPE 1 l 0-907.|, 1937 :0‘992_l
MAX. LOAD = 1000 (b ! . ! -
GAUGE
LENGTH _
FIXED SUPPORTS __EXTENSOMETER PROBE
\/ | U'/' \/
| SPECIMEN |
' 7N N
IYPE 2 0-6875]  1-375" |9-68751{
MAX. LOAD = 1000 Ib . ! ! !

|

1-626" .GAUGE LENGTH

!
ll EXTENSOMETER PROBES

(@)

SPECIMEN

TYPE 3
MAX. LOAD =1000 b

? i .
Lo;907"' 1-937” Io-ggl"l

| @)

4-00" GAUGE ;LENGTH
EXTENSOMETER
FIXED SUPPORTS7 , I “ f PROBES
\/ \/
IYPE & | SPECIMEN
MAX. LOAD = /N , /N ]
24000 b 2-10° L 4-20" L 210 '
! il i .
FI1G. 4.
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