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DYNAMIC CRUSH T2ST OF
PAPER HONEYCOMB

Introduction

The object of this tact was to provide information on the characteristics
of fsur basic types of paper honeycomb when dynamically loaded to failure
in ccmpression. Samplee of the different types were to be tested with
the load being applied alcng the axis of the cells in the bulk of the
teste. The test_ data would be used as a basis for establishing dynamic
creh strength values of the material for deein information purposes.

The initial test program called fcr e test group of 30 blocks of honey-
caT.0 This was to be increased to -7 ;) samples if the program appeared -,--

to 	 oroducing eatiefact:ry resulte, There was alas the opesibility
of an additional group of 30 block=: which would be teeted to a different
acceleration-time input. Most o f the e_locke were to be tested to an
input pulse having a canetant elope rise time of 3-5 to 4 ms to 150g,
dwell at 150g for 10 to 12 ms, with a total velocity change of approxi-
mately 71 fps. The tasting was scheduled to be done on DT-1, which is
a 14-foot accelerated chock m..chine. The special test fixture would be
supplied by the requester.

Four channels of instrumentation were required to provide the desired
teat data. Two channels , were 	 be for acceleration, one channel was
to be for displacement measurement sf the honeycomb crush and the last
channel was to monitor impact velocity of the machine carriage. In
addition to this, Fastax :emera coverage of 5 or 6 tests would be
required.

The test was requested by J. L. Irwin, 5632, on March 6, 1964. Inieial
tests were done in Ocetobel -fl 1964, with the test program completed in
December of 1965.

Si_larmary

This test was conducted to provide data on the dynamic crush character-
istics cf different type? of paper honeycomb. A total of 58 blocks of
four basic types were crushed. In all cases, a shaped acceleration-
time input load to the block as used with impact velocities ranging
from 16 to 64 fps. - 'Data obtained during the tests included the accel-
eration levels required to obtain honeycomb crushi,Land the compression
of the particular sample during loading and failure. From these values,
the rEa8Carrying capability of particular types of honeycomb under cer-
tain conditions could be determined. Peak loadings at failure ranged

3
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from less than lg :: 175g, depending en the type being tested, with
corresponding compressive displacements of .020 inches to .148 inches.
In general, the test data obtained was satisfactory.

Procedure

An initial group of 37 honeycomb samples and the test fixture were
prepared by the requester for the first test series. The group of
samples consisted of 34 short curved blocks and three long curved
blocks. Typical examples of these blocks can be seen in Figures 1
and 2 respectively. The fixture consisted basically of a lightweight
rectangular-shaped frame, which mounted directly on the table of DT-1.
A large steel block (243 pounds) was free to move in guides which were
installed in opposite sides of the frame. During the tesL, a honey-
emb sample was placed in the fixtur so that it was underneath the
mass and resting on the fixture base. This test arrangement, with the
sample in place, can be seen in Figure 3.

The transducers used in the test can he seen in Figures 3 and 4. At
least two accelerometers were used, one on the fixture base and one
on the movable mass. Third and fourth accelerometers were frequently
used throughout the test as backups to the required accelerometers,
and also to provide additi:eeel informati:ee, The output of the accel-
erameters was monitored by means of a standard Micrclot cable-cathode
follower arrangement. The only exception to this was a Statham accel-
erometer used on a few tests, which utilized a strain gage type of
instrumentation system. The displacement transducer can be seen
mounted in the top cross member of the fixture frame. Special instru-
mentation was required for this variable reluctance transducer, and
also, a special fixture had te be fabricated so that it could be pro-
perly balanced and calibrated. The breaker unit of the velocity in-
dicator is shown mounted on the carriage with the light beam-phetocell
combination attached to a stand external to the machine. All test
data were recorded on magnetic tape. A descriptiOn of all instrumen-
tation used in the test can be found in Table I.

The t est procedure generally used in the program is outlined as follows;

The correct aluminum honeycomb impact block was selected.
These consisted of from 1 to 9 separate pieces which were
designed to provide a particular input to the test fixture.
The tops of these honeycomb blocks were shaped to provide
the desired rise tim-. A block assembly can be seen in
place on the anvil ,17.L DT-I n Figure 3.

2. The fixture was prepaled by first lessening the mass re-
taining screws. The mass was then raised slightly and the
test block was placed on the fixture anvil. The mass re-
taining screws were then positioned so that the—retainers
were snug against the top of the steel block. This pre-
vented the mass and spec",men from moving away from the
anvil during a:celeratlen after carriage release.

e- e
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3. The displacement transducer probe was positioned so that
1,4's, ,, sms at the zero position.

4. The test was run by raising the entire carriage and fix-
ture to a psedeterminerdrop height. This was done so that
the correct impact velocity would be obtained. The carriage
was then released and allowed to impact. The carriage
crushed the aluminum honeycomb thus providing the input
to the fixture and then came to rest. The steel block in
the fixture crushed the paper honeycomb for a short dis-
tance and was stopped by the lead plates located under-
neath it. The test setup immediately after completion
of a test can be seen in Figure 5. A typical test record
(Test 43) can be seen in Figure 6.

During the course of the test program, many changes were made to the
general test setup to facilitate testing and to prevent damage to the
transducers and the fixture. Among these were addition of lead plates
to stop the steel mass, changed types of displasement transducers
and accelerometers, and shaoges in transducer mounting locations and
methods. Figures 3 through 5 show the configuration, which was finally
developed as the most efficient and durable.

An additional group of test samples was prepared by tile requester to
augment the initial group. At the conclusion of the test program,
a total of 68 tests had been completed, which resulted in the crushing
of 58 test samples.

Results

i complete tabulation of pertinent test data can be found in Table II.
The data of particular interest are the peak acceleration load seen by
the mass as it compresses the honeycomb sample and the displacement of
the mass during this loading phase. Since the weight of the steel
mass is known to be 243 pounds, the load-carrying capacity of a par-
ticular sample can be determined. The displacement vs time data will
prow de information on the energy-abesrl:ing capabilities of the material,

In general, the results appear to be reasonable however, it is not
possible to fully evaluate them without more knowledge of the test
specimens such as densitv_and cross-sectional area. The test samples
can be divided into four general types, and the results will be dis-
cussed from that standpoint.

In the case of the long our:ed blssks 	 OFigure 2), the result's do
---ssot-appear consistent. The first three samples tested (Tests 1-3)--all

faileslowhensacceleratien levels reached approximately 120g. The

5
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balance of these esmples failed. when the mass acceleration reached
values in the range of 140g to 150g. The reason for the differences
in Leading at failure is not ceetoen unless the samples were of
different denPitiec er 'Lmeneions. The displacement values of the
mase ar 'ailure range fr.cm .100 te .148 inch, which seems reasonable.

The..._saccelerate:n amplitede for the ehort curved samples (S.C.)
7- igore 1), range -.1 from 125g to 175g with an average value of about
1-19g. The mass displacement at failure was not as consistent for
this greup, since it ranged from .058 inch te .140 inch with an average
value of approximately .98 inch.

The third general group of test blacks cc. be ceneidered are the chevron
and dovetail samples (Tests 49 through 56. This group is divided

three sub-groups ceneisting of 7. -;1;_' seven-pound chevron ; six-pound
devatail, and eight-pound C:vetal7... The results were sonewhat 'if®
ferent depending on the type of blnek tested, but in general appeared

be reaeenable.

The fourth and laet group of teet blocke were very unusual (Tests 57
through 66). These were designed to be tested so that the load was
applied along an axis which was nearly normal to the axes of the cells.
It was correctly estimated thet they woe'e be very weak in this
direction. This group was also divided inte sub-groups, seven-pound
and eight-pound horizontal and seven=pound and eight pound vertical.
The peak mass acceleration value e were suite erratic. The seven p ound
horizontal samples 	 saeh) prt.'!vided values eef :1,7eg and 2.See The
eight-tound vertical eampIee 	 each) varied from .8g to 2.8g. The
displacement values at failure are net nearly as inconsistent, ranging
'-rots .038 inch to .068 inch for the eight-pound vertical blocks. It
is enteresting to note that the lowest acceleration amplitude at
failure corresponded to ehe greatest dieplaeement for this particular
sub-group ,Test 59).

A Statham acne-l:ea 	 was m,7umted on the mass, for about half of this
last group of tests. The 7:eaeen for this is that it is very dieff;oult
to atrurately me cure eueh low amplitudes with a piezoelectric accel-
erometer on a boosted machine. A cerrectien factor was then determined
and used to adjust the balance of the acceleration values. If more
tests are done with this very soft material, it is recommended that
other instrumentation pnssibilitiee be investigated to provide more
confidence in the validity of these lew acceleration values.
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It is worthwhile 	 consider the different tyoee of sample failure
?bserved during the test. The curved blocks generally failed in

compression alone or experienced column failure alone. Typical
examples of each type of failure fir the long curved and short
curv=', '-' 7,cks can be seen in Figures 7 through 10. The flat blocks

EiC71• 	 .:, failed in pure comprei ,
,sim '(Figure 11), but generally

enced a combined compre ,:, stm and column failure ;Figures 12
t'n7:gh 14O. The very weak honeycomb samples always failed in column.

";_gore 15 she a typical example 	 this type of block and mode of

failure.

IKP 7341 sim



1407

T-10252

TOLE I

IN sTrutniTATION

ACC7TEP,OMFTERC-:

Endevco, Model 22130, Ser. Nos. GROG, JC77, GR272,
ORSO, 8406, 1736, JC22

Model 2225M1, Ser. No. HA27

Model 2221M1, Ser. No. FA10

Clevite, Model 5CW1, Ser. Nos. 2663, 2667

Statham, Model A5A-25-335, Ser. No. 3316

DISFLACl2ENri".17ANSDUCERS:

Crescent, Models KBIlriO, KB2OO

FREAMP POW'r..7 SUTrLY:

Tektronix, Type 127. S-162882

PLUG-IN-UNIT:

Tektronix, Type 	 S-13720

AMPL7FIER:

Alleghany, Model 51b-Al, DC, 5-144387

OSCILLOSCOPE:

Tek!-,ronix, Model 502, S-113742

TATE . RECORDER:

CEC, Model XT-2600, S-13488

CONSOLE:

Standard Shock Lab Type, Do. 8

CATHODE FOLLOWER:

Modified Shock Lab Type, Multi-channel

EMITIL.E FOLLOWER:

Area III Type, 2 channel

8
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TABLE II
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TEST DATA

Test
No.

Sample
No.

Impact
Velocity
ft/sec

37.9

Conditions At Beginning of Crush or Maximum
Compres5ion of Daper Honeycomb

I

i
Comments

Carriage 
Accelerati on Mass

g's

94

Rise Time
IS---,

Acceleration
g's

Displacement
inches

-- y--

1

■

i

l
; 	 120-8Y-D2-Ring 1,

LC
1

4.30 121 .128

2 120-a-D1-M_ng 3,
LC 	 ,

40.0 103 4.3o 117 .075 Displacement record
doubtfUl.

5 120-a-D1-Ring 1,
LC

35:7 125 6.20 118 ---- Bad displacement record.

4 1577-D3-D-2, SC

.

34.9 53 5.20

i

----- •054 No crush; bad mass accelera-
tion record; 210 cps mas
os,7illation.

5 1577-D3-D-5,i SC

1
34.7

1
4.3o 60 .076 No crush; 210 cps mas:.

oscillation.
4

6 15431-D3-D-3, 	 sc 38.0 107 4.2o 75 .077 No crush; 210 cps mars
oscillation.

7l579-D-, SC 45.5 150 4.00 71 .065 Na crush; 210 cps 	 as
oscillation.

8

___. 	 i

1582-D2-D-2, sc 63.7 i6o 3.5o 175 .104

LC . 	 Curvf_-!d SC = Short Curvel

1. T

Ti
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PAGE 2 of 7

TEST DATA

Test
No.

Sample
No.

Impact
Velocity
Ft/sec

Conditions At Beginning of Crush or •nxImum
Compressicn of Paper Honeycomb

Comments
_

Carriage
Acceleration Mass

gts
Rise Time

ms
Acceleratton

g'st

Displacement
inches

9
i

1576...D-2 	 Sc

1
i

46.8 108 3.70 145 ---- Bad displacement record;
no crush.

10 1594-1`-4, 	 SC 46.9 95 4.10 160 ----- pad displacement record.

11 1;-- 32-D3-D-1, 	 SC Li.2 88 3.60 143

12 1571-D3-D-1, 	 ':C 54.8 87 2.60 145 .105

13

1 '

1514-o-1, SC 1,--.,(., -._n 102 4.00 147 .105 Fastax

152!!;--D•2, 	 SC 45.2 80 4.20 150 .115 Fastax

15 1582-D3-S-2, SC
i

51.2 108 3.65 146 .105 Fastax

16 15F:3-D-2,)sc
t
i 	 .

56.2 90 3.75 153 .105 Fastax

17 1578-D-1,' SC ' 50.8 4.10 158 .100 'Bad record 	 from carri^.ge

i
tacceleromecer.

13

1

1580-D-3, SC 49.6 4.80 160 .100 Bad record from carria ge
accelerometer.

iLC = Long C.,:rved
	

SC = Stirt, Curved
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TABLE II

PAGE 3 OF 7

TEST DATA

F-T
Test
No.

Sa:pie
No._._.____....

Impact
Velocity
ft/sec

Conditions At Beginning of Crush or Maxim.am
Compression of Paper Y. neyccrl,

 Coments

Carriage
Accelera'Aan Mass

g's

Rice Time
 ms

Acceleration
 g's

Displacement 
inches

19 1578, D-1, Sc 48.4 155 4.6o 142 .088

20

(
1519-D-1, SC i 	 50.8 138 5.40 143 .075

„JJ1
!

1578-D-3, Sc 50.2 1071 4.20 153 .083

22 15c1- 2 -3, SC 50.3 153 4.40 157 ---- d displacement record.

23 159--D-3, CC 52.7 130 4.10 151 .095

24 1594-D-1, CC 52.7 148 4.70 152 --_- Bad displacement recor - ,

25 1578-D-1:2, SC 51.8 120 4.30 162 .103

26 ,5,4_p_ r , s, 52.7 148 4.7. 125 .070

27 „3_,,, s. . 52.1 200 5.60 148 .058

28 1581-;3, D-2, SC 51.8 170 5.00 147 .103

29 1576-D-1, Sc 50.5 170 5.90 140 .095

LC = Long Curved . SC = Short Curved

I TN ( ,44
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30

No

1582-D-3, SC

Impact

felocity
L/sec

50.2

Conditions

CarriaEe
Acceleration

At Penning of Crush or Maximum
Ccmr:esion of l'ar Hoacycomb

Coments..._

- 	 Mass

i71,

175
..___

Rise Time
113

5.40

Acceleration
:-'s

Din7, 1acement
4n.r-:'s

147 .o88

31
4

15&J-D-1, SC 51.7 leo 5.40 151 .080

32

; 3

i

1579-D-2, Sc 52.1 120

145

3.70 152 .140

1574-D-3, SC 51.4 4.10 143 .105

1577-D3-D-2, 	 SC 52.1 155

3= 1

4.20 150 .125

15[1 - D3 - D - 3, 	 SC 52.1 160 3.90 140 .120

5.S1-1)3-D- - 	SC 49.5 98 3.90 130 ,070 Failure over wroYi:-it ,-1y

25% of the surfaoe.

-- 12-R3-D-, 	 LC 46.1 55 4.90 107 .080 rIo crush.

3.3 120-5-R3-D-2, LC 49.84 85 4.70 :50 .135

o crush.39 120-84, Ring 1, D -1 ,

LC 	 t

2.4 ,83 5 .30 121 .087

1.0 121-8 , , 	 Rir;, 1, 	 D-1 46.3 92 5.10 150 .1148 

4 

I-A
to

Long Curved

,

SC Short Curved
T

(JNCL A 	 ED
TABLE II

PAGE 4 OF 7

TEST DATA
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TABLE II

PAGE '5 OF 7

TEST DATA

est
'to.

SaL7p1e
No,

C-nnditions At P.e:Insini; of Crush or Max_imum.
Comressien of Paper Honeycomb 1

1 Comments

Impact
Velocity
ft/e.

CarriaEe
Acceleration Mass

g's
Rise Time

ms 	 i
Acceleration

R's
Displacement

inches 	 • 	

41

1 :2

10-, 	 Pinr, 	 2,
D-2, LC

46. :5 1o4 5.20 132 .085 To crush.

0-W-, 	 R:-.:: 	 2,
D- 2

!:6.1!. 121 5.30 148 .097

i

lock showed slight signs
f yielding.

r 	 7 -`2 I , 	 ,LC

1

•,- 	 . 122 1:.;-0 'IQ .120,
i

..1, -. 	 Ic

1
1:r5	 -., 12'L 5.50 10 .115

7-1[1, 	 LC ,).I 117 4.L.° illo .loa

H .-.,-E'l, 	 LC 45.9 75 5.20 140 .100 io crush

' 5- T- D1, 	 LC 49.0 120 4.40 138 .100

'../3 . 	 1-D1, 	 LC 	 , 50.0 5.10 140 lo displacement rcc:r1

-) 7f-17, 	 -.7 	lb.
C117,Vi;CI

•.

50.5 100 3.70

_

65 	 - .075

50 B-v, 	 :1 lb.
DOVETAIL

,

)18.3 132

—

4.1;0 90 .095
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TABLE 11

PAGI-; 6 OF

1 Carriab

Conditions At P 	 1rniru 	 of Cr sh or !!.a.ximum
I 	 Cor::nr.-t:r•GSA:.n 	 of' 	 Parer

Test

t

: -:( -ArbTAII,
51 	 B- --;5, 	 6 lb. 	 47.4 	 90 	 4.7o 	 90

Sn.mDlc 	 Velocit,:i 	 Rts 	 'i'io 	 Ac'7elera:,i0:1 	 ....)is 	 .1... ,.= ,mt

Imp -Ict 	 Accol. 	 Mass 	 .

. 	 Nn. 	 ft/sec 	 7' s 	 g's 	 lnch,..:-; 	 Cor=ents

- 	 .1M

-.. 	 — _ _

DOVI'..TAIL

DOVi.:ZAIL
F- (,, 3, 	 6 	 :II,. 	 46.'7 	 lc1 	 4.6o.

1

52 	 B - 9?., 	 6 lb. 	 45.0 	 102 	 L.o 	 62 	 •100

,66, 	 .102

t
f 	 7.c.71-71'.&II,

cirzr.?. ,27
%55

6 	 lo. 	 76.1 	 9.'3 	 1:.50 	 6o 	 .122

3-17, 	 7 	 lb. 	 76.3 	 9,0 	 4.;.0 	 66 	 .063

DOVETAIL
56 	 B-97, 8 lb. 	 /■6.1 	 ho 	 4.80 	 8o 	 .080

cl' 	 13 - 40, 	 7 	 lb., 	 1:: . ?. 	 20.6 	 10.5 	 7.20 	 1.3 	 .020

,

•

1
58 	 P..-74, 8 lb., 	 KR. 	 17.0 	 6.8 	 8.20 	 2.3 	 .020

59 I'-55J8 lb.,VF.P.T.
1

16.9 1 	 ;.:,:, 12.00 .8 .0t._.,6

LC = Lont.7, CirvJ
	

SC 	 Short Curved

1)
0



Test
No.

Sample
No.

Impact
Velocity
ft/sec

Conditions At Beginning of Crush
Compression of Paper Honeycomb

or Maximum --

•

Comments 	 t

Carriace
Acceleration Mass

g's
Rise 	 Ti"-,:.:.

ms
Acceleration

g's

Disolacernent
inches

60 B-46,i7 lb., VERT. 16.3 13.8 12.00 .5 .075 .

61 B-48, 7 lb., VEWT. 17.2 12.0 9.70 .6 ---- No displacement record.

62 B-42, 7 lb., HOR. 17.0 7.0 8.10 2.5 ---- No aisplacement record.

63 B-60, 8 lb., 	 VET. 17.0 10.6 10.30 1.2 .038

64 B-59, 8 lb., VERT. 17.1 10.0 10.20 2.8 .041

65 B-52, 5 lb., 	 HOR. 17.0 8.0 8.00 1.3 .025

66

67

'68
. 	 1

B-41, 7 lb., HOR.

k•

16.8 6.3 7.60 1.0 .020

,
4-7-D2, LC ' 	 46.5 83.o ,4.80 132.0 .092 No crush

4-7-D2 50.5 109.0 4,00 145.0 .125

i 	 1

B-47 and B-53

i

„_,

Collapsed in fixture 'while
moving the machine carriage
therefore could not be
tested.

LC - Long Curved
	

SC Short Curved
T

	;
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TEST DATA
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FIGURE 6. TYPICAL TEST RECORD - TEST 113 	
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