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««AD*    " and "ACCESSION "ja**-- 
Final Technical Report - Variable Speed Pan 
Drive Assembly* Engine Cooling Systems. 
Liquid Drive Corporation, Holly, Michigan 
Contract No, DA~20~018^>RD~23658 
Dept. of Army Project No. PR61-125, 549=02-002 
No. of Pages 15 Ord Dist Project #602~LWD"8033 
This report covers designinge  building and 
testing of a variable Speed Pan Drive*/ Sj?eedf 
control automatic from 0 to approxe 490Ö rpm 
governed by engine coolant temperature, unit 
includes a fail safe device which operates the 
fan at maximum speed in the event of JI control 
fallure» Unit also includes a de'epwater ford* 
ing switch t© reduce fan sps^d when estgin© 

compartment is flooded. Direction of rotation 
is counter«clockwise reviewed from output end. 
Tests performed on unit included a functional 
check on speed modulation« declutching ,..,;KfaiJl.^^ 
safe devices and deep Water fording switch";" 
operation. All these tests were p^*formed>:"^:'" 
using a 1765 rpm electric motor  A high speed 
test of approx 4800 rpm was also made to assure 
satisfactory operation at elevated speed» 
Results obtained from above tests indicate 
that fan drive will perform satisfactorily but 
final evaluation is best obtained by operating 
under actual engine conditions. 
Prepared by H. B. Ressler» August 13, 1962 
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ABSTRACT 

Final Technical Report - Variable Speed Fan Drive Assembly« 
Engine» Cooliag Systems „ 
Liquid Driv© Corporation*  Bally B Michigan 
Cos&traet Ho. n&-20™>018~©RD«-23658 
D@pto  of Ansy Pr©j@et Ho.  FE21-125,   549^02-002 
No« ©£ Pages 15 OrdaaBce District Project #502«=&$9«=>8O33 

1fhi& r®p©rt covers designing,  traildi&g and testing of a 
variable spasd faa drive„    Spssd ©asatrol automatic feosa 0 t© 
appTOKiaaataly 4900 rjsia governed by ©jagisi© coolasat teiap©ratur©o 
unit includes a fail saf@ d&vie® wMcsfe operates tlss fa», at 
maxixmsia speed isi the &w@mt ©f a ©gsatrol failnreo    Unit als® 
isieltsdes a d@@pwat©r fo^diag switch to revues fasi sp©ed w&®& 
©agissi©. CQsapartrassit is flooded0    Bireefcioa ©f r©tati«m is 
6oösit@r"--el©eto?is© vies^d fr©sa output es&d, 

Tests perforsaed ®a wsait included a £tas©ti©s&al dtedte ©n 
speed modulation,,  daelutdhisig«   fail safe d@vie@s and, d@@p 
water f®rdis&g switeli @p®r®ti©a0    Ail thee® tests w@r© perfcmsc 
iisisag a 1765 rp® ©leetri« mater«,    A high spa@d test ©f appr@3si= 
mately 4800 rpa was als® made t© ass&r© satisfactory ©psrati.« 
at'elevated speeda 

Results ©fetaimsd fross afeöv® t@sts indicate tfaat fasa ägbr® 
will p©rf®rs» satisfactorily» feat filial ewaltsati@si is feest 
6fetäliä@d fey apearatisg wjsdsr actual ©siglsw& «additions„ 

August 13„   1962 
UNCLASSIFIED 
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OBJECT 

Ao    Design,   fabricate aisd test a light weight variable speed. 
Liquid Drive for the fan drive assembly of light weight 
highly mobile combat vehicles 9 

1«    The Xiiquid Driv© fan assembly to ha interchangeable 
with th© fate drive asseiabiy shown on Ordnance drawing 
»«mfeisx- DTÄ-«90710o 

2o    3.%a Liquid Bxiv© to be rated © 70 hp ingot @ approxi- 
mately 5060 rpa l&put sj3©ede 

"''So    Th& hiqßid P;riv@ fas* drlv© assaaably t© incorporate the 
features as followsg 

a„    Speed sstodalatioB fro» 0 to racisms® sjp^ad of approxi- 
mately 4000 rpa (allowlaag fosr 3% Mqaid Driv© slip0) 

bo    Fan rotation to fee corauter-^loa^wisse viewad fees» 
©satgait os fa» @sta0 

©o    Aafcanatic ©omt&ol of fasa sgeod de^esidiag tap» "v- 
©sugisi© ßoolasat teaqpexafeizare ©f l?0*-»230o F« aed ©ay 
©agiifc© öp®$d <600 «■ 2200 srpa0) Fa«& speed to r@aeh 
maxtason ©p©@d at'eaol&at teapersit^rö' 220° F«, assd ©vex« 

<S0    Faii-^oafe proteefcioE to to® l&eo?go£&t«d t® aähie?« 
«axiwti-a faa speed 1B ©vssat of «tstosaati« oomtrol 
failasre, 

e„.   Beep water fo&diasg switch losatioa fe^s&esath fass to 
jcedtie« fa© speed to a®ro vahen «sigine oompartmemt is 
flooded, 

£e    Ltsbrioatlosi^ Isiqeid Drive amd control valve supply 
to b© ;eaG©iv©d fro® oil «%gply of m&&® ©lagia®» 

gö  ' A service life of fiv© htaadred  {500} hoars at fall 
capacity io am ©j&v&srosiass&t of 130° F«, .asabiestt 

1„    Xdqpaid Dri^@ ©is©d im eeoosrdaswse. to faa ratisig a&d 
available iaput epsed»    A size SFM4-205  (8»120" profile 
dia) Vias selected«    Ex^aet psiffossaaac© will fee 97% 
efficient at full .©©upli&g«, 

2o    kiqtaid Bxivo Ass@s&>ly consisting ©f housisig«  rotors „ 

1* 



{»-.•* A shafts,   controls«  etc  denied,  ctetailec! and checke 

3,    Direction of rotation changed from clodfcwlse to counter- 
'    cfcxtoise rotation.   ■AssÄifcly and detail drawings ctogad 

accordingly» 

40    Detail© released for fabrication and proesirement» 

B0    Pabffi«saticaa ana Assembly 

%B    Q€m&m.ced ffc&fficaf.ios* of nocasssrf tooiiag to facilitate 
faferieatiCfB ©£ 'details0 

2o    Initiated groearawssit o£ «gtwdhasefi coHiponeafes". 

3,    Ceanneaced fabrication of datable. 

4«    CäS^JLötea ffafcsriestion aa« pro'cureiaäafc of details«, 

50.  Asassfcied x»lcEQid »riva'Xsßeaäibly. 

€s '  FAffiti.osf.aI Säet© ' 

X, . G«w*©irai Aepsssrfca .       ,    ...   '.   - 

■ x» accord«»*© witlä £ha eö&tir&efcosai agreeaaesafc,  only 
£aaetiona2. tsöfcß will ba psrtesad at t*e vcwiero plaat. 

' ^©s© tests will Is© st se&aeefl ssgsed (appsaxfca&teJ.y 175>9 
S£st.) Extensive tesfea 'esid filial evs.lxts.tixm will be com» 
dieted by tin® orflaancs Taisfe Autesaotiva.CoJBBaand. 

A test Btastd was designed and €©ast;ni«?t©d t© diriv© tfee 
Liqsid Dffive et 1765 Spo A ßtalatad cool&sst circuit. 
was built «p to »rovida tesapsratasre inpat to cosatffol 

So    Test c©SKSiti©s&s 

to oil flew ©f 1 «em © X40® F0 asid 15 OT pafsssare ras    - 
usod to arapply ©cnapliag end »sfedl valve.    Cities 
Scteviee ISO 'J? oil'was use«.    Water fcKafe* load eqKiva3.eat 

40    33®elAttelj. Test 

2 



Wh©& mo%,m&  tcsiparatnr© 1© less tlm.n  200° Fos the ©Bt- 
p*st shaft ©f th© Liquid Briv© is Etatiojaaxy cssf is?, a 
"dectlutehed" positio&o Wb.@ij?, ro&tor is first started the 
output shaft will rotate usitil control pressure is 
sufficient to declutch the tasiit0 

5o Ep^ed Regulation Test 

0 Wh©B th© ©solas&t fe«§asp®ratei'© i© in excess of 200    F0 n the 
output shaft will rotafc«,  rsiaeMisg a ma-rcisaiam spo@d ©f 
1720 Jfpa @ approximately 2X0° Fw 

Th© ww.it will G©sitisfm® to jrasi at maximum ep®@d mtll 
coolasit temperature is lowmred to apji8?©3cisiat©ly 200° F0' or 
h#low0    Wh&m, temperature jpeaehas appsr©Kisaat@ly 180° F„ the 
owtjRSt shaft will ©©as® to 3rot.at®e    2mit@m®diat© teaap^ 
@ratur®s r&sttlt in ii&i@ra©&lat<a ej3©®&s0    *Fh® a&tual sp®«*d 
t© t«Bsp®r®t«sr^ relationship will vasry slightly with 
supply ased control oil t®s.pes?at.«r© «md pre» stare e 

By raatovigt«? tfee X<sm t@mp@7atmr® sensing bulb £s?©ia th? 
esxs»laat €?ir@®it  (slsralatiRg a ss@u,$i^g hälfe ©r capillary 
tote® fail«!?©)  a»d raising tfe® fc«p©srat*sr© of tine ©3©l&wt 
to 230°'F,  a «sasstetira speed of 1720 jrpst was achieved»    Wjterf. 
tonparatore was l<mMW®& to 210® F0 th© Liquid D?eiv@ 
d©*?lut«eh®dc 

60    Da@p Water Fof&iag Switch T©at 

With an eutjsat «haft ®p©ed of 1720 rpa„  th© ©l©etsrod© 
tip ©©satTOlÜÄg th© sol©m©id valv© wa® plissig©ä im %?&t©r„ 
resulting te a dseluteh to 30 ©@©@std®0 

70     Pail Safe T@st 

Siss«2latis».g a ©aatrol valv& failure,,  toy closing off th© 
control supply resulting ia a press^r® loss to th« 
eosstir@l valv*„  tha return spring «§©ataisri©d iß, the scoop 
ttsfe® tel©ck caused th® Liquid D2?iv® t© ©p®rat© at 1720 rpm 
£®gardi@5!s ©f ©oolasat ttsap®£,at«g,@o 

8o    MiBimma Slip T@sst 

.   With a eoolaat t«ap@«atisr© of 21Q® F„  ©a output spsed @f 
1720 rg® was. &dhti&?Gä»    A©, affleleacjy of 9703%0 

©o    MaxiEBsra Sp»©d T®st 

SK44^205 kiqssid ßi?ive asd test eteM aES@a3i!s.ly setup with 



25 fcp @ 1750 »rjER electric n^tar with 9,4 PCD0   shoav® 
or driving shaft asid 3e4 P0»n   sh©ave ©a driven dhsffc. 
X,oad was rcssw^d ftfosa water bsrafce.    A spaed of 4800 rpm 
was achieved.    Ras. to <ftxac& for unbalance»   sooop tab© 
actuation and filling eftsaaractesrlstice e 

10o liquid Dzlve with Faa «ad Faa Slurond p&fffoxmancs® Test 

Remavizig th© vat©r tealse- «md substituting fa» DTA-64333 
asd fas. stowad DffA-64334 with a supply oil flow of 1 gpa 
© 140° F.,  a coolant tcsspssatvr© of 210° F,  and an ixtpat 
Eg»d ©f 1770 rp»„ the eatEnst tspsed was 172S rpra ©a? 97 e 5% 
efficient» 

tthoa £3.«©* «seat*?©! «a«cfcK©d« was ©rabasrged,; eutgaat 
spned was reduced fsroaa 172» rps to 500 rpsn is* 10 s©csorads0 
FM* eoRtinaed t© wimaaill *t ap^TOHteately 300 rpn. 

Speed modulation paints ©sas© ®s paravious tests» 



CONCLUSIONS AHD BSGQKMB!!IDA!FZC»IS 

A« Liquid Drive Rating 

ID Functional tests with prony brake and with fan indicate 
the efficiency of the Liquid Drive (at füll coupling) 
to he within predicated values0  (approximately 97^ 
efficiency,) 

«he torque transmitting capacity of the Liquid Drive 
and the torque requirements of the fan as*© prop«fci©i}«l t© 
the square of the speed,, Consequently th© perfealne© 
obtained at «educed speeds9 such a© those used isi the 
functional test program* is indicative of what can be •*■> 
peeted at th© rated speed0 

Be Control System 

1» Functional tests of spaed versus temperature regulation 
fall safe «ad deep water fording previsions indicate 
satisfactory operation. 

It should be pointed out that th© ability ®f th® 
control system to regulate th® Liquid Drive output speed 
as a function, of coolant temperature is dependent on th® 
characteristics of the coolant system in th« actual ap- 
plication* Shermal inertia or temperature lag of th© 
coolant system may result in a low frequency spaed vari- 
ation that »ay ho objectionable. In this event it maybe 
necessary to modify th® control system» 

20 We also would like to'point out that it may be desirabl© 
to locate the low temperature sensing bulb at radiator 
«seit to engine and seosndary or high temperature sensing 
bulb at engine exit to radiator« This'would undoubtedly 
require different temperature range bulbs than those 
existing on unit, 

3» She deep water fording switch solenoid valve is at 
present mounted directly on the Liquid Drive sump* but 
could be relocated, 

4o' With fan assembled on Liquid Drive output shaft,, when 
unit is «declutched* by deep water fording switch, the 
fan will "windmill«8 at appxeKimatftly 300-350 rpm with a 
1 gpm oil supply to Liquid Drive„ More or less flw 
will result in greater ©r lesser fan speed» if the 
"windmilling" is undesirable, the supply flow to the 
Liquid Drive could be by-passed, tfhls could be 



©ccom^iislied fey ws© of a soXesttraM valve similar to tfee 
desp vmtere forectisig srwifcdfe devics» 

5„    The modulation rang© of tfe© eosts:o.l valve is set to start 
iaitial rotation at approximateXy 200° FC9  readhlm «as. 
speed at 210° F6fl hold speed to approximately 200" F.9  and 
s&dnl&te d©*sswaräsi't© appessismtsly ISO    F„ 

& sal&o? adjasteaasäfc is £h-3 svsäai&tioa ra&ig© ja^y ba 
made fey adjust teg the la«®? e$o®l of th& eo&trol valve. 
Als Is accompli«*©* fey l©os©»isig jass aat ana t^rateg 
sleeve elofiftwis® fea? löweir feesagsratuff© rasig« or cKwastesv 
cloekwl.se for feigbe? teöspefföttsra rasags, satighta» »at. 

6„    ¥fe raeaEsstsnd us© ©f © psfosstaEe segalatojr röiidh wa as« 
fiaraiahlflegr C&ssli® 300«^)  or eqatv&lent to lie installed 
in tbft supply Xtess &Tb,aad of tfcs eosstsol valve aad a*^ 
justed £©» IB PSI oil jp«rsss*asr©o 



to    Liquid Drive Size Selection 

So    Fan Ratings     75 lip © 7075 rpsa* 
*Nefces    Shis is note oonsietant with eztgis® speed» 

fe«    Xnpat speed to Liquid Dsrlv« $ 2200 rpa 
Hp -~ 2200 x 2,3 « S0S0 rpp» 

c&    Adjusted Fata Rating 
X„    A^ema© 335 mittimus) slip thra Liquid Drive? 

t$*®r@£ec@ £©» spsed <aas) vslli Ifeas 
Ks Mteac * Kp  C»97)   « 5060  (»97^   * 4900 rpe 

2o    Adjw©t©d Fas& Eating  (acfcual) 
Stee© massteara fas» 8p®©d is 49Ö0 rpm 
fan &p ® 4900 srpaa « 75ptMj3 = 67.5 hp 
say hp • 68 © 4900 spaV5075'' 

d„    Required JJijwat hp to Liquid Drive 
fan hp a« 68 
K&wm®ä ht^ßiä Bxiw® ©ffi6i@R€Y »* 100& «#, slip« 
efficiency ■ 2.00 =>3 » 97% 
HP iasaate « faa hp » 68    ■* 70 lap 

SOL»        "^ 
noo 

©0    Liquid D?&?® Sis© 

\100/ 
D « tedfil© di®m>st©r of Liepid teisp© te «sters 
K « Retojpssti^BRlity factor r@latis.-f &lqald Driro 
p®ff£@si8SB©t fe$> slip»    Fs?©» «Ägasaetea©® ftt HJäSE«   fills 
% slip « 2K 

Fos- 3?& slip K «..105 ©©Ivissg fcr B ^fessa lip tepst «* 
Hp « S060 'wad K as ieS 

B5 «*» JM» iumfe »?         70    _ 
/„KjÄ-^T^      (50.6)4   CloBJ 
uooj 

D5 « .000361  C®Iid@ rffil© aseuracsy) 
B « O2045 iaet@rs or 8o05"   C^lMa ral© ae<s«2?a«^f| 

Sst pr@£i.l© <Siasa®t®£ at ^1%" 

7 



2c.     Eesrilno' .tos*'lysis 

&,    Geraars 1 

*& &&&£. 

Bearing  <a)  «.«©gjäoästa&s fan threat,   fass weight«, 

«©ESpmesits ©f fa© welcftirt:» 
X&asrlag  (e)  &mmmä&t&B iradial ' «sosapsasssate of feü weigfet. 

1,    Fan wsigfcfc*  S0# 
2o     Liquid »Five ^i#^:g  &?*3\1%&M& gclattv© t© fara wlgM. 

©fad. fe@as'l©g ^sp.nr?iti©rr0 

3o    ftonzst load ©f f&s tsfcera esiftisrsXy bgr bs«xl»S "a" asad 
that this fccajslng 1© afl©^r.fc<ol.y R£E@ä sias© it is tfea 

a^licat terse 
4„    Dsrlv® ©lisffc is trail  fitteä Aat© fc^al gear with ® 

Eijaisisa of jdlfcaUgEr.e-ifc*    Bawl gsar fees^ls^r will fclasa 
ßiiffT^cfc this ßteft e-A-clc 

So    Bearing "cs* in. t&@ ©sri/gfinaJ. frietlcm eitsteh application 
was a 620® vith a d^aie capacity ©f 5050 gar SKF„ 
Sfhis baax'irag was etoagsd. to & 6SG7 with a dyaaraie 
capacity ©f 5750,,    Kia beaming wlü e«f« virtually tte 
sasse load© $s «Kj3r?jrie*tcw?cl la tt*a feiefci^a c0.ute& 

wlieati©s.f   tfep.?@fto3?^ It v&s asfmmad tlsat t*ws state- 
totted *f tJt® 6507 bssirisg is pcCTßißsatole and 

a&©qtxat© fesr tMs application„ 

Bo    Life of b®»ri»r.vj Kfc,J 

lo    £aälal, r<stt.<sfci©ss © "fe" 

'Rb  B 50 ßb^-^^ 39 e 6  ssiV 40# 
. ■ "to \3 e 31.2/ 

8 



2o Thrust Du® to Liquid »rive 

From ©xparience expected thrust « 425# 
Fa « 425# 

3, Bearing Life 

Bearing Size 6305 
Equivalent load P » .37 (V) (Kb! + Y Fa 
(ref SKF procedure) 

P - .37 (1.2) <40) + 1.25 (425) . 
P * 17,8 * 532 + 550# 

Dynamic bearing capacity C  « 3650 

p    550 

Bearing "h* operates at H « Np «~ Rfs ©r the difference 
in speed hetweeB the input'asfed output shaft„ Assume 
this differential speed to fee 3400 rpm (eo&Berv&tive,») 

B~10 life par SKF tables is 71000 hrsf 
therefore bearing "bn is suitable 

30 General Design 

lo A new «»star housing to contain the Liquid Drive rotors 
was designed,, maintaining the same mounting base,, 
mounting flanges and boles and drain as previous housing; 

20 . Input and output shaft extensions are- same as existing 
fan drive assembly« 

3o Utilised existing cover DTA-64183 and studs DTA<-»64339» 

4o Description of Operation <= Control Systeia 
(Reference control system schematic} 

a«, Prior to engine start pilot stage is open« main stage 
spool is ia extreme right 'position, scoop tube is in the 
maximum speed (clutch) position»; 

b0 As engine starts and oil pressure is developed,, oil is 
ported thru main spool to rod end of aetuator de- 
clutching the Liquid Drive0 



G\ When engine coolant, temperature raises to approximately 
170-180® Po pilot stage spool c^sosssaees to move t© the left 
causing the pressure (herein termed »control pressure") in 
thffi fluid system down stream of the orifice to build up in 
accordance with pilot stag® spool position„ 

d» As "control pressure" builds up it acts against the right 
hand emd of the main spool causing the main,spool to' shift 
to the left which iss turn coasaences to discontinue the 
supply of oil to the actuator "rod and» and to introduee 
oil to the actuator "head end»0 Thus the scoop tube is 
caused to begin its movement from the declutched position 
towards the clutch position and as a result cossaemc© to 
bring th© fa® up to speed0 

ec As the fan commences to lower the coolant, temperature the 
pilot stag« reacts to lower the control pressure to cause 
the fan spaed to decrease0 

f0 A dual .reliability feature is provided fey a .'standby pilot. ■ 
stage,, This stage is normally inoperative unless th® normal 
pilot stage fails  The temperature setting of the standby 
stage is slightly higher than the normal pilot stage so a© 
to not inter fare with the 'operation of the latter. 

g„ A flooding device is provided t© declutch th® fas» in the 
©vent the fan compartment earaaence© to fill with water» This 
is accomplished by a solenoid operated (nonrally closed) valve 
that upon opening" vents the pilot stage system (reducing 
control pressure) and allows the main stage' spool to be re* 
turned to the extreme, right position,, This will bring about 
rapid declutching of the Liquid Driveo The solenoid valve is 
energised by an electrical signal received via a relay from a 
water sensitive probe„*. The probe will be'located in position 
to'detect the presence of water« 

ho The variable orifice is used to throttle pilot stage flow so 
that oil consumption can be ■ conserved and' to facilitate th® 
function of the flooding deviceo 

io The'control system utilises a double acting actuator 00 as'to 
have maximum. force potential to move the scoop tube in either 
direction,,  , 

jo The'maximum'pressure'required to move the main stag® spool to 
the extreme left, against its return, spring« is less than 

■10 



15 PSIo Likewise the raassimuitt pressure required to d@elutdh 
th© Liquid Drive (ramre th© scoop tidbe to fcfe© extrem© right) 
is 15 PSX. 

11 
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FLOOD CONTROL WIRING DIAGRAM 

4- 
P 

—{R 
3 

? 
4 
O- 

V 

^ *o 

-HI- 

INSTALLATION:  Mount controlbox vertically and position 
electrode fitting so the brass tip inside the pipe shield 
is at the level at which the solenoid valve is to be ener- 
gized to stop the fan.  Small circles on wiring diagram 
represent terminals provided for external connections. 
Connect the + and - terminals to 24 volt D.C. supply, 
being sure the polarity is correct.  Connect terminal 3 to 
the electrode, and terminal 4 to a positive ground connect- 
ion on the pipe electrode shield.  Connect terminals 5 and 
6 to 24 volt D.C. normally closed solenoid valve. 

OPERATION:  The relay will be energized to open the sole- 
noid valve when the level is above the electrode tip and 
deenergize to close the valve when the level is below the 
electrode tip. 
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