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SUMMARY OF M60A1 TANK LEAKAGE TESTING
L INTRODUCTION.

The current Congressional concern to ensure adequate Nuclear/Biological/Chemical
(NBC) protection for armored vehicles has resulted in the establishment of an armored vehicle
program managed by Tank Automotive Research and Development Command (TARADCOM).
Much of the central effort is at Chemical Systems Laboratory (CSL). Prior to determining
armored-vehicle NBC vulnerability and recommending appropriate protective measures, a
quantitative data base to include airflow, infiltration, purge, residual hazard and M13Al1 filter
unit must be generated. One of the first steps is to identify vehicle leakages. Once leak areas are
identified, selective leak reduction measures to minimize NBC infiltration may be desirable. The
objective of airflow (leakage) evaluation is to identify and quantify the magnitude of each leak
area which allows air exchange between the crew compartment and the outside of the armored
vehicle. The purpose of this report is threefold: (1) summarize four sets of M60A1 Tank leakage
data which have been aquired from Honeywell, Inc., Aerophysics Co., Chrysler Corporation, and
CSL, (2) review testing methodologies and select one method for future leakage testing, and
(3) prepare preliminary modifications for major leak areas.

1.  TEST PROCEDURES.

CSL supplies air through the commander’s hatch with a centrifugal blower, and
measures the flow rate with a calibrated-axial-vane anemometer immediately before discharge
into the vehicle. The exterior and/or interior of the vehicle is then examined (generally by feel)
to locate sources of air leakage which are then sealed with duct seal or tape. Once all accessible
leaks are sealed, the unaccounted leakage is measured. Every attempt is made to reduce leakage
to zero. Next, each individual leak is unsealed, and the associated leakage measured at several
differential static pressures. Each leakage measurement is then repeated. The leak area is resealed
prior to measuring the next leak area. Honeywell used the CSL method of leakage measurement.

Aerophysics supplies the air through the loader’s hatch using a “code tester” built in
accordance with the Joint Air Moving and Conditioning Association, Inc. — American Society of
Heating, Refrigerating, and Air Conditioning Engineer’s specifications published in April 1975.
The “code tester” has the capability to measure airflow up to 6000 ft3/min. The air mover is a
variable speed centrifugal fan, controlled by a variable voltage-variable frequency “varidyne”
electric generator. Initial leak identification is made using an ultrasonic air leak detector. After
all accessible leaks are sealed with duct tape, the unaccounted leakage is measured. Next, each
leak is unsealed and the associated leakage measured at several differential static pressures.

Chrysler Corporation supplies air through the vehicle ventilation blower inlet with a
2000-ft3/min blower. The airflow is measured using a micromanometer while the crew -
compartment pressure is measured by an inclined-vertical manometer. To aid in leak source
identification, an orange smoke flare is placed in the vehicle. Leaks are sealed using duct seal and
tape. Beginning with the lowest leakage source, each leak is unsealed and the airflow rate is
measured at several differential static pressures.
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The data from the four sources are summarized in the table. CSL and Aerophysics
conducted their tests on the same M60A1 vehicies. The Chrysler and Honeywell data are from
other M60A | tanks. The CSL and Honeywell data are projected using a regression analysis.

IV. DISCUSSION OF RESULTS.

Individual leakage points are reported and are compared where applicable. All data
are reported in standard cubic feet per minute at 1.5-inch water gage static pressure.

1. Total Vehicle Leakage.

Aerophysics CSL Chrysler Honeywell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
1028 1000 1347 1461 1613 1242 -

CSL's figure represents the total vehicle to include vehicle ventilation blower (no
leaks sealed) with a round chambered. Aerophysics sealed the vehicle ventilation blower inlet,
where Chrysler supplied air through the vehicle ventilation blower inlet. Tanks tested by
Aerophysics, Chrysler, and Honeywell had various components (i.e., 7.62-mm coax machine gun,
50-caliber gun, range finders) missing when the vehicles were leak-tested. The vehicle ventilation
blower is considered to be an air source, not a leak point and should be excluded from total
leakage value. If the above corrections are made (appendix B), the comparative values are as

follows:
Aeroghxsics (ﬂ. Chms_ler Honexwell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
947 971 871 995 1361 1058 -
2 Ejection Port, 50-Caliber.

Aemghxsics CSL Chrysler Honeywell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967

491 431 469 457 324 443 779

3. Turret Ventilation Blower

Aerophysics CSL Chrysler Honeywell

- SN8753 SN8946 - SN2967
476 466 662
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The 50-caliber ejection port and the turret ventilation blower are the largest leakage

i
4, Main Gun Leakage, Breech Closed.
Aeroghxsics @_ Chry_sler Honezwell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
369 372 374 368 - —

TRADOC states that a round will normally be chambered when enemy contact is
anticipated. Therefore, this leak area is not considered significant.

S. Port, 7.62-mm Machine Gun.

Aeroghxsics g_S_L Chzxsler Honezwell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 -
143 144 83 94 136 123

Aerophysics and Chrysler were measuring the port without a machine gun. CSL
measured the leak with a demilitarized machine gun installed. The data indicate that on the
average the leakage decreases by 37% when a gun is installed.

6. Range Finders (Both).

Aerophysics CSL Chrysler Honeywell
SN8753 SN8496 SN8753 SN8946 SN4285 SN8050 SN2967
146 145 138 143 138 130 326

Good agreement is obtained among Aerophysics, CSL, and Chrysler. Honeywell’s

measurement was without the range finders installed. The leakage through this port is 130%
higher than with the range finders installed.

7. Cupola Race.

Aeroghzsics C_Sl, Chgsler Honezwell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
- - 78 63 125 26 73

Data show vehicle-to-vehicle variation. The average of all values is 73 ft3 /min.
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8. Access Cover, S0-Caliber Machine Gun.

Actoghzﬁct _C_S_L Chgxs_ler Honexwell
SN8753 SN8946 SN8753 SN8946 SN428S§ SN8050 SN2967
- - 71 93 - - -

9. Unaccounted for Leakage.

Amghﬂu Ql. Ch_rxg_ler Honexwell
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
S1 45 23 23 170 108 -

This baseline leakage value depends on the effort made to identify individual leaks.

10. Driver's Vision Block Cover.

Aeroghxg‘cs g (‘h:zsler Honechll
SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
43 0 - — 46 17 65

If vision block was installed, the leakage is zero as indicated by SN8946, above.

11. Gunner's S!'Qt.

Aeroghxsics CSL Chrysler Honeywell
SN8753 SN8946 SN8753 SN8946 SN428S SN8050 SN2967
7 7 6 12 - - -

12. Personnel Heater Outlet.

Aeroghxsics g, Ch:xsler Honexwell
SN8753 SN8946 SN8753 SN8946 SN4285 SNSQSO SN2967
15 12 18 17 17 17 -

13. Main Turret Race.

Acrospace CSL Chrysler Honeywell
SN8753  SN8946 SN8753  SN8946 SN4285  SN8050 SN2967
- - 15 11 99 - 3




Aerophysics measured the leakage with the turret ring seal inflated and determined
that leakage is essentially zero.

14. Commander's Hatch.

Aerophysics CSL Chrysler Honeywell
SN8753  SN8946 SN8753  SN89%46 SN4285  SN80s0 SN2967
- 29 - - - - 65

The difference between the two hatches could be due to the gasket or metal

warpage.
15.  Hull Drains.
Aerophysics CSL Chrysler Honeywell
SN8;7$3 SN89;6 SN8753 SN8946 SN428S SN8050 SN2967
27 - * & i %
The hull drains have no measurable leakage when closed.
16. Main Gun Intersection.
Aerophysics CSL Chrysler Honeywell
SN8753 SN89«:)6 SN8753 SN89%46 SN4285 SN8050 SN2967
- 25 - - 40 - X

The band sealing the mantlet to the main gun tube was loose on SN8946 when
received. This was due to firing the main gun. The mantlet on SN4285 and SN2967 was
deteriorated from age and cound not hold air. A plastic covering was placed over the mantlet.

V.  LEAK REDUCTION MEASURES.

Proposed leakage reduction modifications were suggested by Donaldson Corp.,
Aerophysics, and CSL (after review of Chrysler leakage data). Definitive suggestions were
presented by Donaldson Corp. encompassing those of Aerophysics and CSL. Therefore, only
Donaldson’s Corp. suggestions are presented:

1. For the SO-caliber ejection port, use a spring-loaded door covering the opening
which would open after a given weight buildup and dump the brass.

a The range finders generally leak through the pivot mechanism. Sealing washers
could form an effective seal where the mechanism passes through the inside turret wall.




3. Felt gasketing around the edges of the SO-caliber access cover would reduce
leakage and eliminate modification to the mantlet.

4. The cupola race may be more involved to reduce leakage; however, a grease
seal or a felt or “bristle pad” seal could be used.

5. For the 7.62-mm machine gun port, an asbestos or silicone plug could be fit
to seal the gap between the barrel extension and the port.

6. The gunner’s sight is a small leak, but sealing should be easily accomplished
with washers or gaskets between the sight and the turret.

7. The main gun-to-mantlet seal has been found to work loose when the gun is
fired. A longer sealing neck with a molded lip and a wider band would help prevent this. The
mantlet has also been found to deteriorate with age. Periodic inspections should be made and
the mantlet replaced as required.

VI. CONCLUSIONS.

1. CSL, Chrysler, Aerophysics and Honeywell have similar approaches to leakage
measurement.

2. M60A1 leakage data indicate the possibility for leak reduction. Modifications
to the SO-caliber ejection port, range finder, 7.62-mm coaxial gun port, cupola race, 50-caliber
access cover, gunner’s sight and main gun-to-mantlet seal appear feasible.

3. A single method for future leakage testing can be established by a
combination of CSL and Aerophysics test procedures and equipment.

4, The average leakage value using all data of the M60AI1 as received with a
round chambered is 1035 ft3/min at 1.5-inches water gage. NOTE: Vehicle ventilation blower is
not included in leakage value.

S. CSL and Honeywell data are projected using a regression analysis of actual
measured data.

VII. RECOMMENDATIONS.

1. The test procedure should be standardized and followed for all vehicle leakage
testing.

p 4 Standardized test equipment should be procured incorporating features of the
Aerophysics’ code tester, the CSL PR III (axial van anemometer) flow measurement device or
other accurate airflow measurment instruments.

3. The seven above-mentioned “fixable leak points’” should be examined for
leakage reduction.

13
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APPENDIX A
LEAKAGE DATA TABLES

Table A-1. Chrysler Corporation Leakage Data - Vehicle M60A 1

(SN4285)

Leakage point Air.leakage at 1.5-inches
static-pressure water gage
ft3 /min .
Main gun intersection 40
Driver’s vision block covers 46
Cupola race 125
Cupola rotor 117
Main gun tube 119
7.62-mm gun port 136
Rangefinder ports 138
.50-Cal. gun intersection 226
.50-Cal. ejection port 324
Personnel heater exhaust port 17
Driver’s escape hatch -
Front drain valve / -
Driver’s IR scope -
Loader’s scope 56
Loader’s hatch -
Commander’s hatch -
Telescope port \ -
Driver’s hatch —
Turret race 99
Residual leakage 170
Total 1613
NOTES:

1
2
3.
4
5

. Turret vent blower port used as pressurization port.

through the turret ring was measured as a separate item because of

: the leak-down rate of the ring seal in the test vehicle.

Floor access plates required sealing. RTV Sealant was used to seal around

broken bolts.
the exhaust pipe.

. Le at the personnel heater exhaust port was zero due to fuel trapped in

. The entire gun intersection was covered with plastic and tape for this test

because of the deteriorated condition of the mantlet cover.




i Table A-2. Chrysler Corporation Leakage Data - Vehicle M60A1
(SN8050)
f Leakage point Air Jeakage at 1.5-inches {
X static-pressure water gage
ft3 /min

Residual leak after sealing tank 108

Driver's escape hatch -

Front drain valve -

Main gun intersection -

Driver’s IR scope -

Loader’s scope -

Loader’s hatch R S

Turret ring seal -

Commander’s hatch -

Telescope \ -

Driver’s hatch -

Personnel heater exhaust port 17

Driver’s vision block covers 27

Cupola race 26

Cupola rotor 51

Main gun tube 118

7.62-mm gun intersection 123

Rangefinder ports 130

50-mm gun intersection 182

50-mm ejection port 443

Total 1242

NOTE: Turret vent blower port used as pressurization port.

Appendix A 18
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5 ; Table A4. CSL I.cakage Data*
I § (Vehicle M60A1 -SN8753)

: Flow rate

: F ' Leakage point Static pressure (inches water gage)
As received round in breech** 773 1097 1347 1558 1912 2714

| 50-Cal. ejection port 252 3713 469 551 692 1023
Turret ventilation blower 233 366 476 575 749 1177
Main gun breech open 173 254 319 374 470 691
Range finders (both) 73 109 138 163 206 309
Main gun breech closed 67 99 124 146 184 272
7.62-mm machine-gun port 43 65 83 98 125 190
Cupola race 38 60 78 95 124 196
$0-Cal. access cover 35 55 T 85 111 173
Unaccounted for leakage 9 16 23 29 41 73
Personnel heater outlet 9 14 18 22 29 48
Main turret race 6 10 1§ 19 28 54
Gunner’s sight 3 5 6 8 11 19
Bilge pump outlet 1 2 2 3 4 7

NOTES:

* Data projected using a regression analysis of five points between 0.5 - 2.5 in static pressure water gage.

*¢ Sum of individual components will not provide satisfying results when compared to total measure value because
of cumulative error for each leak point and error for unaccounted leak.

21




Table A-S. CSL Leakage Data®
(Vehicle M60A1 - SN8946)

g

Flow rate
| Leakage point Static pressure (inches water gage)

0.5 | 1.0 . 1.5 2.0 3.0 6.0

‘ ft3/min
As received round in breech®® | 744 1139 1461 1743 2236 | 3422
50-Cal. ejection port 248 364 457 536 672 987
: Turret ventilation blower 23§ 362 466 5587 17 1104
F Main gun breech open 167 | 248 | 313 | 368 | 464 | 689
Range finders (both) 76 114 143 169 214 318
Main gun breech closed 68 - 100 126 149 187 277
7.62-mm machine-gun port 49 73 94 111 141 212
Cupola race 30 47 63 76 100 160
50-Cal. access cover 48 72 93 111 142 217
Unaccounted for leakage 9 16 23 29 40 N
Personnel heater outlet 8 13 17 21 27 44
Main turret race 4 8 11 14 21 39
Gunner’s sight S 9 12 14 19 33
f Bilge pump outlet | | 2 2 3 S

NOTES:

® Data projected using a regression analysis of five points between 0.5 - 2.5 in static pressure water gage.

*¢ Sum of individual components will not provide satisfying results when compared to total measured value because
of cumulative error for each leak point and error for unaccounted leaks.

22
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Table A-6. Aerophysics Co. Leakage Data - Vehicle M60A1

(SN8753)
Flow rate
Leakage point Static pressure (inches water gage)

0.5 1.0 1.5 2.0 p 3 3.0

ft3/min
Total leakage, measured 573 826 1028 1193 1338 1471
50-Cal. ejection port*® 288 397 491 573 636 701
Main gun breech open 184 252 316 369 413 457
7.62-mm machine gun port 82 118 - 143 164 183 198
Range finders (both)* 82 119 146 170 189 207
Cupola® 77 122 146 168 191 209
Main gun breech closed* 72 104 127 145 160 175
Driver’s vision block cover plates®| 25 36 43 49 55 59
Unaccounted for leakage* 22 36 51 67 83 100
Personnel heater outlet* 9 13 15 17 17 18
Gunner'’s sight* 4 6 7 T 8 8
Hull drains open (both) 14 20 26 27 30 32

* Items included in total leakage value.
Appendix A 23




Table A-7. Aecrophysics Co. Leakage Data - Vehicle M60A |

(SN8946)

Leakage point

Total leakage, measured

50-Cal. ejection port*

Main gun breech open

7.62-mm machine gun port

Range finders (both)*

Cupola*

Main gun breech closed*

Unaccounted for leakage*

Personnel heater outlet*

Gunner's sight*

Main-Gun-to-Mantlet Seal Loose

Commander’s hatch*

50-Cal. access cover partly
opened

Flow rate

Static pressure (inches water gage)

0.5

554

247

179

84

82

109

68

19

123

18

109

1.0 1.5

810 1000

351 431

259 320

118 144

118 145

133 165

97 118

32 45

11 12

175 223

25 29

185 190

® Items included in total leakage value.

Appendix A
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APPENDIX B
TOTAL LEAKAGE VALUES
Chyrsler data
SN4285

1613 - mantlet - driver vision block - main gun tube - (7.62-mm-installed)
1613 -40-46- 119 - 47 = 1361 ft3/min

SN8050

1242 - driver’s vision block - (7.62-mme-installed) - main gun tube
1242 - 27 - 39 - 118 = 1058 ft3/min

Acrophysics data

SN8753

1028 + (7.62-mm-installed) - main gun tube - driver periscope lids
1028 + 89 - 127 - 43 = 947 ft3/min

SN8946

1000 - main gun tube + (7.62-mm-installed)

1000 - 118 + 89 = 971 ft3/min

CSL data

SN8733

1347 - vehicle ventilation blower

1347 - 476 = 871 ft3/min

SN8946
1461 - vehicle ventilation blower

1461 - 466 = 995 ft3/min

e C i San it ob —NRPSS .
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