
PCflQNpiC~ cAfl~fl (AP e)  LCAKAS ( ?t$?IeflTC(U)

nit—AD_c

_  _ _

______ END
_______________ DATE

___________ lilt

3 — 8 0
DOC

I



I ~ ~ ~ ~
2.5

______ 

~~~ 2.2

IIIII~8

U~H I .25 HIU~ pp 1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARD S 1963-A



©

©

4



I



UNCLASSIFIED
SECURITY CLASS IFICATION OF THIS PAG E (WR i 0.1. Snl.r.~~

DEDADY I I L A E U 1 A Y I t~IJ OA~~E REA D INSTR UCTIONS
r ~~~~~, M~J~.~Im ,~ I ‘ I ‘Pr’ BEFORE COMPLETING FORM

REPORT NUMBER 2. GOVT ACCESSION NO 3. IENT S CATALOG NUMBER

b. TITLE (ocd SubSSU.) ‘.“ “

~~. AU7~40R(.) S. CONTRACT OR GiANT NUMBER(.)

, ~i~~~ M.JFernter J ~~ 
L__J

• . PERFORMIN O ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT, PROJECT , TASK
AREA &~.WORK UNIT NUMBERS

Commander/Director , Chemical Systems Laboratory
Attn: DRDAR-CLW-CC .i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Aberdeen Proving Ground, Maryland 21010 . 11M263721D6%4 I
II. CONTROI.LING OFFICE NAME AND ADDRESS ,‘

c , gU *1U~ 
‘ ‘

Commander/Director , Chemical Systems Laboratory f I ___________________________
Attn: DRDAR-CLJ-R ‘~~~~~~ 4t NUMBER OF PAGES

Aberdeen Proving Ground. Maryland 21010 22
14. MONITORING AGENCY NAISI S AOORESS(U dIU. ,nt from Ccnt,cIlSn~ OWe.) IS. SECURITY CLASS. (of hf. ~~~~~~

UNCLASSIFIED
ISm. OECLASSIFICATIONIDOWNORAOIMO

SCHEDULE 
NA

IS. DISTRIBUTION STATEMENT (of t hu  R.POfl)

~i~’L ~~~~~~~~~~
.

Approved for public release; distribution unlimited. - . .. 
~~~~~~

. / -

17. DiSTRIBUTION STATEMENT (of A. .b.fr.cS .,t•,.d Is, Rtock 20, II dill .rwt from R.port)

lB. SUPPLEMENTARY NOTES

IS. ~ EY WORDS (Conffi ,u. en t., ~~~.. old. SI nocolocy med Sd.ntSfr by block matS.,)

Code tester M577 Command post carrier
Anemometer Ml 1 3A1 Leakage reduction
Leakage ,.~ ~ Armored personnel carrier Vehicle leakage

25 A~~~~~ Cl’ ( ‘ I— i .  omom - —- ~~~~ NS Sfr By block nombir)

his /report summarizes three sets of MI 13AI Armored Personnel Camer (APC)
leakage data ~which were acquired from Aerophysics Company, Donaldson Company, and
Research Div~~ n, Chemical Systems Laboratory. The average le*age value for the MI 13A1
APC is 458 t3 mm at 1.5-inches water gage. Six leakage reduction’l ~sures are su~~ested that
have a poten ial of reducing the MI 13A1 APC leakage value to 1lO(!~3~

1min at 1.5-inches water
gage. Areas where leakage reduction is possible include the commander’s turret ring, scupper
valve, air ventilator control, air inlet valve, hatches/doors, and bilge pump discharge line.

DO , ~~~~ 1Q3 ~~ Eo,iiOø OF I NOV 55 IS ONOOLETE UNCLASSIFIED
L./ j  1’ / I )  sscumrv CL*UIFICATION o~ This (mom DAM Int., .d)

- -—- _______________________________________________________________

~ 
~~~~~~~~~~~~~ 

— —-.
~ ;
-—

~~ .~ ‘4 ~~~~~~~~~~~~~ 
-.

* 
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

*.
- . 4



PREFACE

The work described in this report was authorized under Project 1M26372 1D604 ,
Collective Protection for Combat Vehicles. It was begun in September 1977 and finished at the
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permission of the Commander/Director , Chemical Systems Laboratory , Attn : DRDAR-CLJ-R ,
Aberdeen Proving Ground , Maryland 21010. However, the Defense Documentation Center and
the National Technical Information Service are authorized to reproduce the document for United
States Government purposes. 
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SUMMARY OF MI l3Al ARMORED PERSONNEL CARRIER (APC) LEAKAGE TESTING

I. INTRODUCTION.

To ensure that the current combat vehicle fleet has adequate nuclear, biological and
chemical (NBC) protection , the Army established an armored-vehicle program manage d by US
Army Tank Automotive Research and Development Command (TARADCOM). The central effort
of this program is at Chemical Systems Laboratory (CSL), Aberdeen Proving Ground. To
characterize a vehicle’s vulnerability to NBC agents , physical parameters are defined and a series
of challenge tests are conducted to quantify the data base. Vehicle leakage enables modeling of
air exchange between the vehicle and its environment: Air exchange determines the
concentration of NBC agent that infiltrates the vehicle. The purpose of this report is ( 1) to
summarize three sets of Ml 1 3A1 Armored Personnel Carrier (APC) leakage data which has been
acquired from Aerophysics Company, Donaldson Corporation , and Research Division , CSL and
(2) to prepare preliminary modification for major leak areas.

11. TEST PROCEDURES.

Test methodologies were reviewed in a previous report 5 and it was recomm ended
that a standardized-leakage-testing procedure be utilized. A standardized-vehicle-leakage test
procedure enables comparison of leakage data generated by different sources. A short description
of each test procedure is provided.

CSL supplies air through commander’s hatch with a centrifugal blower and measures the
flow rate with a calibrated-axial-van e 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. Next , each individual leak is unsealed, and each 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.

Aerophysics supplies the air through the air intake port using a “code tester” built
in accordance with the Joint Air Moving and Conditioning Association , Inc. — American Society
of Heating, Refrigerating, and Air Conditioning Engineers’ specifications published in April 1975.
The “code tester” has the capability to measure airflow up to 6000 ft3 1mm . The air mover is a
variable-speed centrifugal fan, controlled by a variable voltage-variable frequency “varidyne”
electric generator. Initial leak identification is made by feel. 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.

Donaldson Corporation leakage data was extracted from a report. 55 It is assumed
that the data was measured by a similar procedure.

* Ferriter , J. M., and Beeson, L. 3. ARCSL-TR.7904 I . Summary of M6OA 1 Tank Leakage Testing. June 1979.
°5Krj sko , W. 3., Camplin, H. R., and Schoen, D. W. Donaldson Corporalion. Contract DAAK.l l-78.C.0020.

Final Report . Investi gative Study of Positive Pressure Collective Protection for Combat/Armored Vehicles.
August 1978.
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HI. LEAKAGE DATA RESULTS.

The data from the three sources are collected in the table. CSL and Aerophysics
conducted their tests on the same Ml 13A1 APC’s. The Donaldson Corporation data are from an
unknown vehicle. Some of the Donaldson data are estimated from M577 Command Post Carrier
(CPC) leakage data.

IV . DISCUSSION OF RESULTS.

Total leakage and 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.

A. Total Vehicle Leakage.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft3/min 347 422 403 474 555.9

Aerophysics supplie d air through the air inlet valve and did not measure a recordable
leak at the driver’s hatch. Leakage for firewall auxiliary blower was not measured on the vehicles
tested by Aerophysics and CSL. If the data are corrected to reflect similar leak points, the
comparative values are as follows :

Aerophjsics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft3/min 414 487 403 474 513.8

B. Commander’s Turret Ri~g.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft3/inin 11 6 149 92 141 157

This is a major leak area.

lackson, W. P., Foshag, W. F., and Boshler, G. D. Aerophysics Company. Contract DAAKI l.78-M.00l3. Final
Report. Static Mr Leakags on Two Ml 13A1 Full Tracked Armored Personnel Carriers. August 1978.
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Table. Ml 13 APC Leakage - Comparison of Results

Leak location Aerophysics Aerophysics CSL CSL Donaldson
12B554 69 l2C69569 12B554 69 l 2C69569

std ft 3/min at 1.5 in wg5

Vehicle as received 422 347 474 403 555.9

Commander’s turret ring 149 116 141 92 157~~

\/entilator control (closed) 103 56 109 67 39

Rear door 43 33 1 0

Grommets to engine 3 3 6.9

Scupper valve 40 93 44 100 183

Ramp 17 8 0 3

Torsion bars 12 24 16 28

Bilge pump 15 15 11 13 7.4

Driver’s periscope cover 11 9 12 9 6

Cargo hatch 2 1 0 0 4* *

Engine access door 2 1 3 4

Unaccounted leakage 28 21 11 9 25~~

Firewall auxiliary blower 42 *

Driver’s hatch 5 5*5

Air inlet valve (closed) 65 67

* Wg = water gage pressure
* * Projected data

9
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C. Ventilator Control (closed).

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft 3/min 56 103 67 109 39

Good agreement is obtained between Aerophysics and CSL. This leak value may
depend on the tolerances of the valve.

D. Scupper Valve.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft3/min 93 40 100 44 183

Leakage of the scupper depends on the position of valve. -

E. Rear Door.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft 3/min — 43 1 33 0

The rear door on vehicle 55469 was warped.

F. Ramp.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft 3/min 8 17 3 0

Leakage appears to depend on how securely the ramp is closed.

G. Air Inlet Valve.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft /nun — — . 67 65 —

H. Torsion Bars.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

t3/mmn 24 12 28 16 —

• 
- 

10 

- - -1’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



I. Bilge Pump.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft 3/min 15 15 13 11 7.4

J. Driver’s Periscope Cover.

Aerophysics CSL Donaldson

Serial No. 69569 55469 69569 55469 —

ft3/min 9 Il 9 12 6

V. LEAK REDUCTION MEASURES.

Proposed leakage reduction modifications were suggested by Donaldson Corporation ,
Aerophysics, and CSL. The following leakage reduction measures were suggested by Donaldson
Corporation; however , Aerophysics Company and CSL had similar recommendations.

A. The commander’s turret ring could use a grease or a felt/”bristle pad” seal .

B. A manual scupper valve device, as installed in the M577A1 CPC for NBC
operation , would be advantageous.

C. The combination of a gasket and fasteners should reduce the leakage for the
air ventilator control and air inlet valve.

D. A more pliable and wider gasket for hatches and doors could be used.

E. The installation of a manual valve in the bilge pum p discharge line should be
considered.

F. Grommets could be located at points where cables pass through the firewall.

VI. CONCLUSIONS.

A. Ml 1 3A I APC leakage data indica tes the possibility for leakage reduction in
the following areas: commander’s turret ring, scupper valve , hatches, doors, air ventilation
control , air inlet valve, and bilge pump.

B. The average leakage value for the Ml! 3A I APC is 458 ft 3 1mm at 1.5-inches
water gage.

VII . RECOMMENDATIONS.

The six leakage reduction suggestions mentioned above ought to be examined.
Incorporation of the suggested-leakage-reduction measures has a potential of reducing the
M l I 3A1 APC leakage value to 110 ft3 1mm at 1.5-inches water gage. 

—
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Table A-3. Research Leakage Data. Vehicle M l l3Al (12C69569)

Leakage rates
Leakage point Static pressure

0.5 1.0 1.5 2.0 3.0 6.0

ft 3/min

Front vent open 367 523 644 746 917 1306

Rear vent open 307 441 544 632 780 1119

Commander’s turret ring 51 74 92 108 135 197

Front vent closed 41 55 67 76 92 127

Rear vent closed 30 46 59 70 91 140

Scupper valve 58 82 100 115 140 198

Rear door 0 1 1 1 1 2

Torsion bars 16 23 28 32 38 54

Driver’s periscope cavity plug 2 3 4 5 6 18

Rear bilge pump outlet 7 10 13 16 20 29

Driver’s infrared (IR) periscope 1 1 2 2 3 4

Unaccounted for leakage 4 7 9 11 15 25

Engine compartment bulkhead area 2 3 4 5 6 9

Ramp 2 2 3 4 5 0

Appendix 15
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Table A-4. Research Leakage Data. Vehicle M l 13A1 (l2B55469)

Leakage rates
Leakage point Static pressure

0.5 J 1.0 J 1.5 2.8 3.0 J 6.8

ft3/min

Front vent open 368 523 642 743 912 1295

Rear vent open 290 413 508 587 723 1030

Commander’s turret ring 75 112 141 166 218 3 11

Front vent closed 58 86 189 128 180 238

Rear vent closed 27 47 63 92 114 199

Scupper valve 23 34 44 52 66 99

Rear door 17 25 33 40 52 81

Torsion bars 9 13 16 19 23 34

Driver’s periscope cavity plug 5 8 10 12 15 22

Rear bilge pump outlet 6 9 11 13 17 26

Driver’s I R periscope 6 9 12 14 17 26

Unaccounted for leakage 5 8 11 13 17 29

Engine compartment bulkhead area 1 2 3 3 3 5

Ramp 0 0 0 0 0 0

-y
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Table A-S. Donaldson Corporation Report Data

Leakage before sealing
Leakage areas - _____________________________________

___________________________ 
1.Sin wg 7.Oin wg -_

ft 3/min

Commander’s turret ring 140* 37Q*

Commander’s hatch 3* 8*

Commander’s and driver’s periscopes 14 37**

Driver’s hatch 55* 1* 15~~

Cargo hatch 4*1* 11*1*

Driver’s infrared (IR) periscope 6*1* 15

Firewall bilge scuppers 183 510

Firewall auxiliary blower 69 228

Firewall cable openings 43** 116

Air ventilating exhaust 39 88

Bilge pump discharge 7.4 28

Firewall access panel l** 3

Ramp door 0 1

Personnel heater 17 39

Unaccountable leakage 25~ 66

Total leakage 555.9 1535

* Estimated leakage
•~ Extrapolated from leakage data on Ml 13 APC or M577 CPC .
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Table A-6. M577 Command Post Carrier Air Leakage

Leakage rates
Leakage areas Internal static pressure as in water gage

0.40 1.0 3.0 5.0 7.0

ft3 /min

Unaccounted leaks — 20.0 38.6 53.0 66.5

Commander’s hatch — 0.7 1.3 2.3 1.5

Driver ’s hatch — 1.7 5.1 5.7 8.3

Ramp door — 0.6 0.5 0.2 0.4

Air ventilating exhaust — 32.0 59.5 80.8 88.3

Driver’s IR periscope 3.3 4.9 12.8 17.0 15.0

Bilge pump discharge 6.0 6.5 10.0 20.0 28.0

Firewall access panels 0.3 — 5.0 — 3.0

Firewall cable openings 29. 1 52.0 83.0 98.0 1 16.0

Firewall auxiliary blower 44.0 49.5 127.0 177.0 228.0

Firewall bilge scuppers 81.0 145.0 295.0 410.0 510.0

Total leakage 163.7 312.9 637.8 864.0 1065.0

NOTE: These tests were performed with the crew compartment pressurized and the engine compartment not
pressurized. Under normal operating conditions, leakage through the firewall and bilge scuppers would not
be this great .
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DI STRIB UTION LIST 4 (Cont d)

Names Copies Names Coples

HQ AFSC /SDAEUS ARMY TEST & EVALUATION COMMAND 
Andrews AFB, MD 20334

Commander HQ AFISC /SEV
US Arm y Test & Evaluation Command Norton AFB , CA 92409

Attn : DRSTE-FA 1
Aberdeen Proving Ground , MD 21005 NORAD Combat Operations Cente r/DBN

Cheyenne Mm Complex , CO 80914
DEPARTMENT OF THE NA VY

AMRL/HE
Chief of Naval Research Ann: Dr. C.R . Rep logle

Att n : Code 443 1 Wright -Pat terson AFB , OH 45433
800 N. Quincy Street OUTSIDE AGENC IESArlington , VA 22217

Battellc, Columbus LaboratoriesCommander Attn: TACTEC
Naval Facilities Engineering Command 505 King Avenue

Attn: Code 03 I Columbus, OH 43201200 Stovall Street
Alexandria , VA 22332 Director of Toxicology

National Research Council
Commander 2101 ConstItution Aye, NW
Naval Explosive Ordnance Disposal Facility WaaJsjngton, DC 20418

Att n : Army Chemical Officer , Code 604 I
ADDITIONAL ADDRESSEESIndian Head , MD 20640
Commander

Commander USEUCOM
Nucleai Weapons Training Group, Atlantic Atm: ECJ5-O/LTC James H. Alley
Naval Air Station APO, NY 09128

Attn: Code 21
Nor folk , VA 235 11 Commander

- DARCOM, STITEUR
Chief , Bureau of Medici ne & Surge ry 1 ATFN: DRXST-ST1
Department of the Navy Box 48 , APO New York 09710
Washington , DC 20372

HQDA DASG-RDZ (SGRD-PL)Commander WASH DC 20314Naval Weapons Center
Attn: Code 3171 I Commander/DirectorChina Lake , CA 93555 Chemical Systems Laboratory

US MARINE CORPS Atm: DRDAR.CLC.CP
Atm : DRDAR -CLB -PO

Director , Development Center Attn: DRDAR -CLY
Marine Corps Development & Educa tion Command Attn DRDAR .CLW-P

Attn: Fire Power Division 1 Aberdeen Proving Ground , MD 21010Quantico , VA 22134
CommanderDEPARTMENT OF THE AIR FORCE
US Army Tank Automotive Materiel Readiness Command

Air University Ubrary Ann: DRCPM-M6OTD-T (COL Sawyer)
Attn: AUL/L SE-8879 I Warren , MI 48090

Maxwell AFB, AL 36112
CommanderHQ Foreign Technology Division (AFSC) US A~~y Tank Automotive Research and DevelopmentAtt n : PDRR 1 CommandWright-Patterson A B , OH 45433 Atm: DRDTA-RN (R. DeClaire) 10
Warren, MI 48090Commander

Aeronautical Systems Division 
CommanderAnn : ASD/AELD 
US Army Materiel Development and Read iness CommandWright-Patterson AFB , OH 45433 

Ann : DRCBSI.C4 (COL J. Tedeschl)
HQ, USAF/SGES 1 Atm: DRCDMR.TC.C (COL Carruth)
Boiling AFB , DC 20332 5001 Eisenhower Ave

Alexandr ia , VA 22333
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DISTRIBUTION UST 4 (Contd)

Names Copies Names Copies

Commander Commander
US Ar my Armament Research and Development Command US Army Train ing and Doctrine Command

Attn : DRD AR 1 Atm : ATCD-Z (COL Mojeckl) 1

Attn : DRUAR- SER (MA! G. Uliano) I Atto: ATCD-Z (MAJ Kelly) I

Boy :r , NJ 07801 Fort Monr oe, VA 23651

HQDA (DACS/BG R. Lawrence) I Commander
HQDA (DAMO-NCZ/BG Falter ) 1 US Army Ordnance and Chemical Center and School

HQD A (DAMA.CSS-C/LTC Floyd) 1 Atm: ATSL-CL C-M (MM Novack) 1

WASH DC 20310 Aberdeen Proving Ground , MD 21005

Command er Commander
US Army Logiatics Center US Army Combined Arms Center

Fort Lee, VA 23801 Atm : ATZLCA .COM -G (I LT Lor eo)
Fort Leavenworth, KS 6602’?

Director
US Army Materiel Systems Ana lysis Activity Commander

Attn: DRXSY- T (B. MeU) 1 US Army Armor Center

Aberdeen Proving Ground , MD 21005 Atm : ATZK -CD-SD
Fort Knox , KY 40121

US Arm y Environmental Hygiene Agency
Atm : Librarian, Bldg 2100 1

Aberdeen Proving Grou nd , MD 21010
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