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Re: Low Frequency Vibration of MC-711 Cartridge Assembly of .the TX-28

Object of Test

The object of this test was to determine the effect of vibration through the
frequency range of 10 to 55 cycles per second on the MC~-711 cartridge assembly.

Procedure and Results

ity
Two MC-711 cartridge assemblies, dcsignated Units 1 and 2, were submitted for
testing. Unit No. 1 is the fuse section for an erternal version of the TX‘281%494~
which is to be subjected to a number of environmental tests. Unit No. 2 is the ~
fuse section for an internal versicn of the T{-26 which is to be subjected tgba\
number of environmental tests. ' T Ok

In mounting cartridge assembly No, 1 to the vibration jig in Plane I, as shown
in Fig. 1, only one wrench was used on one side of the mounting ring. The ring
wes tightened as much as possible with the wrench, then a hammer was used on o
the wrench. é?
S

o7

A resonance survey was conducted through the frequency range of 10 to 55 cpsé%?
with a double displacement of 0,010 inch in accordance with SCS-5, paragrap
2.5. Accelerometers were mounted at 10 locatiorsin the cartridge assembly,™&s
indicated at the bottom of each table, The resonant frequency of the whole -
cartridge assembly, as indicated by the output of the accelerometers as shown «
in Tible I, was 43.5 cps. The unit was vibrated for 30 minutes at this fre-

quency and then cycled through the frequency range of 10 to 55 cps in 1l5-minute
cycles for a period of 35 minutes, The time spent in resonance survey and cy-

cling totaled one hour in each plane.
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The unit was then rotated 90 degrees (Plane II), and mounted for this test in
the same manner as in Plane I. The output of the accelercmeters for the reso-
ance survey, as shown in Table II, indicated that the resonant frequency in
this plane was 55 cps. Vibration was started at 55 cps, and at the end of 5
minutes the resonant frequency suddenly changed to 52 cps. The unit was then
vibrated for 20 minutes at 52 cps, then the resonant frequency changed to 48
cps. After 3 minutes of vibration at 48 cps, the test was stopped because the
unit sounded as though something were broken inside, The inspection plates
were removed and thé components visually inspected; no physical damage was evi-
dent. The mownting ring was tightened while the unit was vibrating, “hen the
unit was cycled for 40 minutes through the frequency range of 10 to 55 cps in
15-minute cycles, Following this period of vibration, another resonance urvey
was conducted in Plane II., From the output of the accelerometers, as shown in
Table III, it is evident that the resonant frequency was raised to above €0 cps
by tightening the mounting ring.

A resonance survey was then conducted in Plane III, i.e., along the longitudi-
nal axis of the assembly. For this test the unit was mounted in the same man-
ner as in Plane II, and the mounting ring was tightened while the unit was
vibrating. The output of the accelerometers in this plane is shown in Table
IV, and it is evident from the va'nes shown that the resonant frequency is
above €0 cps.

The unit was vibrated for 30 minutes at 55 cps, then cycled for 45 minutes.
An accelerometer was mounted on the nose of the unit which indicated acceler-
aticn as follows: horizontal - 6 g, vertical - 5 g.

Unit No. 2 was mounted to the vibration jig in Flane I, as shown in Fig. 2, by
the use of a snanner wrench and two torque wrenches. A torque of 150 ft/lbs
was applied tc eacth side of the spanner wrench; then one wrench was removed and
with a torque of 150 ft/lbs applied with cne wrench, the spanner wrench was
tapped with a 1-1b lead hammer. A resonance survey was conducted through the
frequency range of 10 to 55 cps. From *he output of the accelerometers, as
shown in Table V, it is evident that the resonant frequency of the cartridge
assembly is approximately 49 cps. At this frequency an accelercmeter mounted
on the MC-627-628 bulkhead indicated 11.3 g acceleration along the longitudinal
axis of the cartridge. The unit was vibrated at 49 cps for 30 minutes, then
cycled through the frequency range of 10 to 55 cps for 45 minutes., At the end
of this period, the MC-627 and MC-628 were removed, The range selectors on
both units were loose. A connector was loose on the MC-691 and one bolt was
stripped out of the MC-628 mounting plate and one bolt broken. Heli-Coils
were installed in the MC-627--628 mounting plates and the MC-627 and MC-628
were put bhack into the unit before vibration was started in Plane II,
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the unit was mounted for Plane II vibration in the same manner as in Plane 1,
It is evident from the output of accelerometers, zs showr in T.ble VI, that
the resonant frequency of the cartridge assembly was 43 cps. The unit was vi-
brated at this frequency for 30 minutes, then cycled through the frequency
range of 10 tec 55 cps in 15-minute cycles for L5 minutes.

The unit was tnen mounted in Plane II] in the same minner as in the other twu
planes and a resonance survey conducted. It is evident from the output of the
accelerometers, as shown in Table VII, that the resonant frequency in this
plane was 58 cycles, Vibration was started at this freguency and during the
30 minutes of vibration the resonant frequency shifted from 58 cycles to 53 cps.
During this period P-102 connector on the MC-714 loosened and came out of its
socket, The inspection plate was removed and this connector was puit back into
place, Then the unit was cycled through the frequency range of 10 to 55 cps
for a period of 45 minutes. During this cycling period an accelerometer was
mounted on the nose orf the assembly and indicated accelerations as follows:
9.9 g in the horizontal directions and 3.0 g in the vertical direction. A&n
accelerometer on the MC-627 -628 bulkhead along the lornzitudinal axis of the
asseubly incricated an zcceleration of 12.5 g.

It is interesting to note that the resonant frequency of Unit 2 when attached
to the vibration jig by use of the torque wrenches was about the same as the
resonance of Unit 1 when connected Lo the vibration jig by the use of one
wrench., It is also interesting to note that the resonant frequency of the
cartridge assembly No. 1 was raised above é0 cps when the mounting ring was
tightened while the unit was vibrating.
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TABLE I

'Flane I Resonance Survey on MC-711 - Unit I

in accel. Pickup Cutput in g

Cps in g L1 1,2 L3 Ly L5 L6 6L 62 63 65

10 0. 07 3% 3¢ 4 3 3: 3 3 ke 3¢ 5%

15 0.10 3* * 0.17 * 0.21 0.15 0,17 * * 0.15
20 0.26 * * 0.33 i 0.0 0.30° 0.30 3 & 0.28
25 .41 0.12. #* c.57 0.14 0.70 0.5 0.48 0,10 ® 0.51
30 0.60 0.15 0.25 1.35 0.6, 1l.64 1.33 0.7, 0.39 0.33 0.98
35 0.81 1.0 0.78 1.37 1.68 1.65 1.61L 0.99 2.95 O.74 1.73
40 1.0%6 5.21 1,55 2.90 2.61 3.07 3.75 1.30 3.09 1l.46 L.L4
[,’3 N 5 3 8. 6 33 I 33 3¢ e e 33 39 35

L5 1.34 6.46 3.63 2.95 3.60 2.8 3,45 1,30 1.73 1.38 2.18
50 1.66 4.17  1.59 2,80  2.40 2,75  3.27 1.53 1.69 1.6, 2.22
55 2.01 3.02 1.7 3.00 2.71 3.00 5,47 1.65 2.90 1.38 3.09

Output of pickup not enough to read on meter with 10 mv full scale.
#%  No piékup reading obtained,

Horizontal axis on MC-68 . .
2% Longitidinal axis on MC—?&%) perpendicular to applied force
L3 Vertical axis on iHC~-543 in direction of applied force
I, Horizontal axis on MC-54 . .
25 Horizontal axis on MC—71%3 perpendicular to applied force

§o Joryieal axie on H0-289) in direction of applied force
62  Horizontal axis on MC-627 perpendicular to applied force
22 g:itizzi Ziiz gg ;E:Zégg in direction of applied force

Time: Resonance survey 25 minutes, vibration at rescrance (43.5 cps) 30 minutes,
cycling 35 minutes,
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TABLE II

Plane II Ilescnance Survey on MC--711 Unit 1

Freq Table

in accel Pickup output in g

cps in g 41 42 43 Ll L5 L6 61 C 62 63 65
10 .06 ¥ 3% 3 3 3 3 3 3 5 »
15 0.11 0.10 ¥* ¥* 0.12 * % 0 0,11 0,09 *
200 0.20 0,319 ¥ 0.10 0.22 % 0.12 #* 0.20 0.17 *
25  0.29 0.31 3 0.12 0.35 * 0.19 * 0.34 0.28 :
30 0.41 0.50 iy 0.4 0.56 0.16 0.28 ¥* 0.54 0.45 #*
35 0.56 0.79 0.15 0.17 0.90 0,20 0.36 0.17 0.86 0.71 0.13
40  0.73 1l.27 0.18 0.20 l.44 0,22 O.45 0.16 1.32 1.0, 0.22
45 0.93 2.29 0.58 0.53 2.69 0.54 0.53 0.38 2.54 1.7 0.34
50 1,02 8.23 3.87 4.50 9.23 3.94 6.19 2.77 €.18 5.87  4.60
55 1.85 17.71 9.28 8.50 1i7.79 7.12 11.19 6.88 14.54 10.16 7.93
€0 3.18 5.38  2.25 5.09 2.42 3.57 1.43 3.90 1.94  3.41

Cutput of pickup not enough to read on meter with 10 mv full scale.

Horizontal axis on MC-689 in direction of applied force
Longitudinal axis on MC~543) - ' .
Vertical axis on MC-543 ) perpendicular to applied force
Horizontal axis on MC-543) . . . .

Horizontal axis on MC-713) im direction of applied force
Vertical axis on MC-6 . .

Vertical axis on MC-7§Z§ perpendicular to applied force
Horizontal axis on MC-£27 indirection of applied force

Vertical axis on MC-713) . .
Vertical axis on MC-62%) perpendicular to applied force

Time: Resonance survey 20 minutes, vibration at resonance: 5 minutes at 55 gs,

sudden change to 52 cps then after 20 minutes changed to 48 cps, vibration
stopped after 28 minutes at rescnance. No physical damage noticed so ring
was tightened during vibration and unit cycled for 4O minutes.
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TABLE IIIX

Plane II Resonance Survey on MC-711 After Tightening Ring, Unit 1

Frzg. Table

in accel - Fickup Cutput in o
cps_in g LI __ &2 3. Lk L5 b 6L %2 €3 65
10 ¥ 3* ¥* 3% 3% * +* * 3 3+ 3
15 # 0.10 ¥ 3 0.12 * ¥* 3 S %* #
20 0.18 0.19 * 3* 0.22 * 3 *® 0.20 0.16 *
25 0.29 032 % ¥* 0.36 *# 0.17 * 0.24 0.28 #*
30 O.44 0.53 * 0.11 0.61 0.12 0.25 ® 0.58 O.44 ®
35 0,61 0.83 0,13 0.13 .00 0,14 0,30 0.14 0.G1 0.58 0,14
LO 0.73 1.08 0,28 0.36 1,63 0,23 0.50 0,18 1¢53 1.09 2.26
45 0.93 2,19 0.81 0.54 2.88 0.55 0.74 0,30 2.6, 1.74  0.39
50 1.15 L.38 0.75 0.90 5.19 1.19 1.55 0.%6 5.09 3.17  1.13
55 1.24 8,33 3.15 2,70 10.77 3.1i2 3.33 1.75 10.73 6.59 3.17
60 1.28 14.59 9.52 6.80 23.08 9.50 13.68 6,20 20.91 14.28 10.32

% QOutput of pickup not enough to read on meter with 10 mv fuli scale.
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Table IV

Flane II resonance Survey on MC~711, Unit 1

Freq. Table
in accel. Fickup Output in g

cps in g 41 L2 43 Ll 45 L6 61 62 673 65
10 0,06 ¥ 3 - 5 st ¥ 3 e *
15 0.13 * i 50 2 3
20 0.22 0,23 5 0.27 i * ¥
25 0.35 0.15 0.39 P b < - O'2L 9 b 3
30 0.51 0.15 0.56 0.18 * 0.16 0.16 O.74 3 0.09 0.17
35 0,69 0,56 0.92 0.36 0,51 0.90 0.7F 1.25 0,36 0,37 0.73
L0 0,90 0.59 1.07 0,26 1,03 0.28 0.17 1.49 0.66 0.46 0.48
L5 1.4 2,03 1.31 2.20 1.92 2.45 2.68 2.21 2.00 1l.27 1.79
50 .40 1.94 1,90 1.00 0,72 1.50 1.40 3.70 1.2 0.62 0.95
55 1.54 2,60 2.0 1.05 0.8, .46 1.46 6,10 2.09 0.40 1.07
60 1.64 3.75 L.64L 1,90 2.40 2.37 2.5 12,21 4.96 0.48 2.3,

¥  Cutput of pickup not enough to read on meter with 10 mv full scale.

41 Horizonatl axis on MC-689 perpendicular to applied force
42 longitudinal axis on MC-543 in direction of applied force
L3 Vertical axis on MC-543 )
Ll Horizontal axis on MC-543)
L5 Horizontal axis on MC-713)
46 Vertical axis on MC-689) :

61 lenpitudimal axis on MC-627-628 hulkhead in direction of force
62 Horizontal axis on MC-627)

63 Vertical axis on MC-713 ) perpendicular to applied force
65 Vertical axis on MC-628 )

perpendicular to applied force

Unit was connected to jig and ring was tightened while unit was vibrating.

Time: Resonance survey 15 minutes, vibration at 55 cps 30 minutes, cycling
10-55-10 cps 45 minutes,
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TaBLE V

Flane I Rescnance Survey on MC-711, Unit 2

Table dcuble Freq. fccelerometer output in g

displacement (cas% Table a 2 25 Zy 25 11
0.01C 10 3¢ 3t 3 ® ¥* * 3
0.010 15 3 ¥ %* 0.12 ¥* 0.11 3
0.010 20- 0.19 0.072 ¥* 0.22 ® 0.21 *
0,010 25 0.30 0.01 #* 0.35 * 0.33 %
0.0095 30 0.45 0.11 - 0.11 C.56 ® 0.52 ®
0.010 35 0.59 C.14 . 0.16 .83 ¥ 0.80 O0.14
0.010 L0 0.77 0,16 0.1.85 1,26 0.15 1.15 0.28
0.010 L5 0.98 0.30 0.36 1,90 3,15 1.70 2.12
3¢ 49 I8t 3% st 3¢ 35t 33 11.3
0.010 50 1.18 0.45 2.25 2,30 2.21 2,70 9.90
0.009 55 2.04 2.73 6.22 Y15 7,20 5.40 7.65
0.013 60 2.35 8,21 3.0 19.1 L34 15.35 7.06

% Output of pickup not enough to read on meter.
#*¥* No reading taken.

21 Longitudinal axis on MC-543 perpendlculqr to applicd force

22 Vertical axis on HHC-543 " n n

23 Horizontal axis on MC-543 in direction of applied force

2L, Vertical axis on MC-713 pervendicular to applied force

25 Horizontal axis on MC-713 in direction of applied force

11 On MC-627-628 bulkhead in longitudinal axis perpendicular to force

NOTE: The unit was mounted on the jig by the application of 150 ft/lbs on each
side of a spanner wrench then holding this pressure on one wrency and
tapping with 2 one-pound lead harmer.

Resonance survey 35 minutes, vibration at 49 cps 30 minutes, cycling 10-55 cps
25 minutes,.
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TRRLE VI

Plane II .twsonance Survey on MC-711, Unit 2

Frec, Table
Double

in displace Accel. Pickup output in g

eps ment(in) (g) 11 12 13 15 21 22 23 2 25
10 0.011 3% e ¥ ¥ 3% 3 e 3% 3 3¢
15 0.010 ¥* 0.118 * 0.15 ¥ 0.12 J2.13 0,08 0,12 *
20 0.010 0.195 0,226 % 0.29 * 0.22 ¥ 0.23 0,0¢ 0.25 %
25 C.010 0.30 0.38 0.17 0,42 0.08 0.35 0.11 0.39 0.1 0.43

30 G.0095 0.45 0.67 0.17 .83 0.1 0,51 0.11 0,69 0.13 OC.b64 #
35 0.010 0.59 1,07 0.20 1.38 0.38 0,76 0,17 1.03 0,21 i.1 *
40 0.0095 0.76 1.93 0.70 2.2 0,38 1.16 0.23 1.9 0,29 1.92 0.18
L5 0,008 0.81 8.45 5.50 9.0 1,23 3.4 3.6 7.8 L2 8,45 1.71
L8 % g 14.3 11.0 20.C L2 5.4 6.1 15,5 7.9 14.9 4.7
5¢ 0.012 1.65 L.5 2,06 5,2 3.2 1.1 0.75 L.5 2.1 Lo45 1.62
55 0.01»° 1.8, 3.4 1.3 4.2 1.8 0.8 0.52 3.3 1.15 3.1 095
60 0,012 2.1 2.85 1.1 3.8 1.3 0,78 1.2 z2.7 1.5 2.35 0.4

%  Qubtput of pickup not encugh to read on mete
¥  No pickup reading obtained.

v

’

11 Vertical axis in direction of applied force on MC-689

12 Horizontal axis on MC-689 perpendicular to applied force

13 Vertical axis on MC-628 in direction of applied force

14 Horizontal axis on MC-627 perpendicular to applied force

15 Vertical axis on MC-756 in direction of applied force

21 Long.tudinal axis on MC-543 perpendicular to applied force

22 Vertical axis on MC-543 in direction of applied force

23 Horizontal axis on MC-543 perpendicular to applied force

24 Vertical axis on MC-713 in direction of applied force

25 Horizontal axis on MC-T713 perpendicular to applied force

NOTE: Heli-Coils were installed in the iC-627-628 mounting plates and the MC-627-
628 were put back into the unit before vibration was started in this plane,
The unit was attached to the jig in the same manner as in Plane 1. Reso-
nance survey 20 minutes, vibration 25 48 cps 30 minutes, cycling 10-55 cps
40 minutes,
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TABLE VII

Plane III Resonance Survey on MC-711, Unit 2

___ Table
Freq Double . L -
in displece- Accel. _Piclup outpuv in g
cps (in) {g) 11 12 13 Y, - 15 21 22 23 2L 25
10 0.009 * 3% 3 3 2 5 3% 3 3
15 0,009 S 3t 3 3 0.09 0.1 3 3 3 *
20 0,009 0.17 ¥* % * 0.098 * 0.17 * * ¥ *
25 0.C08 0.29 ¥ 0.16 * 0.11 0,08 0.3 * 0.103 * 0.12
30 0.008 0.42 * 0,07 * 0.15 0,13 0,43 0.10 0,13 ¥ 0.12
35 0.008 0.68 0,39 0,36 0.39 0,09 0.14 0.55 0.41 0,22 0,26 0,27
LO 0,008 0,91 0.34 0.26 0,25 0.16 0.23 0.79 0,30 0.11 0,13 0.15
45  0.008 1.31 1.05 0.99 0.8 1.é4, 0.37 1.05 0.86 1.2 0.71 1..08
50  0.0095 1.71 0.32 1.15 0.35 0,74 O.44 1.58 0,27 0.52 0,18 O.4L7
55  0.007 2.6, 0.53 3.1 0.78 4.68 0.83 2.52 0.39 1.75 0.32 0.99
€0 0.009 2,64 2.96 5.8 L.57 22.1 1.52 3.60 1.98 7.95 1.0 4.€0

3%
™

Output of pickup not enough to read on meter with 10 millivolts full scale.
#%  No pickup reading obtained.

11 Vertical axis on MC-689 )

12 Horizontal axis on MC-689)

13 Vertical axis on MC-628 ) perpendicular to applied force
14 Horizontal axis on MC-627)

15 Vertical axis on MC-756 )

21 Iongitudinal axis on MC-543 in direction of applied force
22 Vertical axis on MC-543 )

23 Horizontal is on MC-

22 Vertical axiﬁlon MC-71§A33 perpendicular to applied force
25 Horizontal axis on MC-713)

Resonance survey 25 minutes, vibration at resonance 30 minutes (during this period
the resonant frequency shifted from 58 cps to 53 cps), cycling 10-55 cps 35 min.

Radar bulkhead at resonance 12.56; nose at resonance: 9,96 sideways, 3.06 up and
downi, '
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