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CONFIDENTIAL

FOREWORD

This tecknical report wus prepared by the Ressarch Departmermnt,
Aeronautical Division, Minnespclis-Honeywell Regulator Company,
under Navy Contract No. Nonr-9239(00), admiiistered by the Office
of' Naval Research. The contract was Inlitiated under the reseaxrch
project identified by Expenditure Accounts 4600 (Research Navy) and
L6832 (Aircraft and Facilities Nsvy). This is a contract for re-
search involving the study of helicopter control systems from the
point of view of sutomatic control of flight attitude, altitude, &nd
rotor rpm.

Minneapolls~-Honeywell 1s pleasei tc actknowledge the splendid
cooperation displayed by revresentatives of ihe Wright Aeronautical
Corvoration iIn providing steady-state performance data, inertie

data, and infcrmatior on operating chsracteristics of the Wright
R~1200 and R-1820 reciprocating engines.

A e
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ABSTRAGT

In conjunction with autoniatlc control system studies being con-
ducted under Ravy Centract Nonr 929(00), especially as pertaining to
helicopter rotor rpm control, it was deemed essential to obtain an
accurate repressntation of helicopter reciprocating engine dynamics.
This report discusses the procedure followed 1In deriving a sultable
transfer function for the engine from a study of steady-state perfor-
marce data and from aicslysis of avallable engine transient character-
istic data. It 1s belleved that the transfer function thus obtalned
is on firmer engineering ground than previousliy available representa-

tions of reciprocating engine dyncmics. Recommendations are made for
additional investigation.
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SECTION I
INTRODUCTION

The research study beling conducted under Navy Contract Nonr 929
(00) has as one of its primary cons.iderations the simulation of neli-
copter and engins to the highest practicable degree of accurascy con-
sistent with time allotments. The dyuamics of the research vehicle
{this Sikorsky; dR3-1} were determined from basic concepts of aerody-
namice and m.c¢nanics to the required degree of accuracy. In the case
of the reclpreccating engine (the Wright Aeixcnautical Corporation
R1300-3) it »=2~ Ai~med advisable tc Fcllow practices developed in
simulating dynamics of gas turbine enginea, especielly because of the
dearth of materisl available on which to base a more detaslled dynam-
ical study. The purpose of this report is to indicate the lines slong
which the attempts to obtaln a reslistic transfer runction progressed
and the zimulation which resulted from the efforts.

The prezuat inve_tigation was inltiated with a study of the
R1300-3 steauy~-state performance data which indicated that englne
torque is a function principally of throttle angle and rpm. From this
and the assumption of system llnearitiy a simple transfer function in-
volving no dynamics was derived.

A perusal: ¢f pviilable treatments on the subject of engine dy-
namics results:® in a later decision to include dynamical terms in the
functicnal re:_{ionsnin between throttle position and engine torque.
Although this srunsfer functicn wes used at the outset (reference 1)
to simlete the helicopter engine, it wss consldered 4. ha only s
first approxiisstion and one of problemsatlical sccui-~..y. Thus, 1t was
subsequently vrozozzi {seference 2) that dynamical tests be run on an
avellsable ang.ae at the Navy's Aeronautical Engine Laboratory in
Philadslp-“a., As a conssquence, tests were conducted on a WAC
R1820~-74 and the data obieined were used as the basis for the deriva-
tion of the engine transier function, as described in succeeding
Sections of this report. Included here are discussicns of testing
procedurs, resulitant data, means for obtaining transfer functioa from
data, deficlenciss in present form, and suggsstions Ifor future work.
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SECTICN II

R1300-3 ENGINE PERFORMANCE CHARACTERISTICS

Steady-state performance data for ths WAL Ri3C0~3 engins sre
presentsd in Figures 1 and 2, Figure 1l 1s the standard form repre-
ssntation of the performance of the engine, relating brake horsepower,
rom, manifold pressurs, and altitude. Figure 2 shows the relation-
ship between anglne torque, rpm, and throttle angie,

The first of the two aquations which are basic to the present

study 1s obtained from physical considerations and the above describted
performance deta. It may be expressed es

Qe = Re (N,Th) (1)

Where Qg = engine torque, It lbs.
N = aagular velocity, rmm.
Th = throttle angle, degrees.

Alsc see Appendix A for further symbol definitions. The equation (1)
expression for engine torque is required for solution of the second
equation which defines the motion of ths rotor emd sngine, and is

uwritten =3 follows:

Q _ Ipn, aN (
Qe‘—--(Ie"' \2)
G E?)R
where Q3 = rotor aerovdynamic or load torque, ft 1lbs.
e = engine polar moment of inertia, 1lb ft sec min rad/rov,
JA = rotor polar momsnt of inertia, 1b ft sec min rad/rev.
G = gear ratlo, engine rpm to rotor rpm.
+t = tims, secs.

Consideration in the present analysls has besn coanfined to the
case of the engine operating at normal ratsd power at sea lsvel; for
the R1300-3, this corresponds to the following stsady-stats values:

Rrake horsepower (BHP) = 700
Manifold pressure (Py) = 39.5" Hg
Throttle angle (Th) = 38.5°
Angulax» velocity (N) = 2400 rpm

Althouglh operation at cnly normal rated power hag tesen consid-
ered here othe> operating points should be studied in the future to
ensure satisfactory controlled responses since stssdy-state gains
(such as the change in engine torque with throttle at constant rpm)
can vary merkedly with the selected operating point.
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SECTION III
DEVELOPMENT OF ENGIRE TRANSFER FUNCTION

3.1 Initial Assumption of No Dynamics

A very simple transfer function relating Q4, Th, and K, which
served tc a large extent as the besis for the more complex functlons
although never mctually used to simulate the engine, was Geveloped
through use cf squation (1) and the assumption of sngine linearity.
Bquation (1) was expanded as a total lerivative resulting in:

Qe =(330! Th + )n (3)
|E’= 21400 Th = 38.5¢

where all variables in equation (3) =n4 hsnceforth represent changes
from steady atate conditions.

The coefificlents

2 2Qe

and

N = 2400 Th = 38.5°

wore determined from Figurs 2 through graphic slope measurements at
the operating point. Incidentally, an indication of the non-lineerity
which would bs encountered ia studying the engine control probiem over
the whole operating range may be obtained from an exeminstion of the
magnitude of these derivatives at ths 80% and 90X as well as the 100%
Normal Rated Power operating points (following the maximum englne
economy curvs):

MRP BHP N Th Qe %8%

1006 700 2100 38,5 1530 26.6 -0,15
904 630 2315 34.0 120 31.7 ~C.25

This evidence of non-linearifty, dus to variatlon in engine geins
with operating polat, is aiso found during large amplitude tranzients
which begin at an arbitrary operating point in that the gains vary
with deviation from the set poimt. This will be further discussed in
connection with the engine testing pregram later in this report.
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The res -iiant transfer function at 100% NRP Lased on the assump-~
tion of no d ramics existing in the squation {3} reletionship can be

seen from Ta! s I to be:
Qg * 26.5 Th -0.15N (L)
As wgs indicaved above, this function was never used in any of the

cnntrols analyses.

3.2 Consideration of Engine Dynamlcs

Considersable effort was made to estavlish whathar it 1z nsces-~
sary tc include dynamics in ths relationships Qg * £1(Th) and Q4 =
fg(N). Literatiure on ths subject was carefully surveyed, 1nclu81ng
materisl availahle at A3TIA and at the Technicul Data Branch of the
Bureau of Aeronautics. Although aircraft reciprocating-engine
accelsration data did not appear to he in existence, some accelera~
tion data on automobile engines were found (ses reference 3) which
dsfinlitely indiceted the nsed for a consideration of engine dynamices,
at least in the relationship between Th and Qg. Several text books
{reference |} and 5) acknowledge the existencs of engine dyrnemics, in
their discussicn of carburetor accelerating wells. The purpose of
these wells is tc supply additional fuel, over and above normal re-
quirements; in an attempt to overcome the lag in fuel vaporization
immediately after s sudden throttle advance. Another text (reference
6) assumes dynamics between torque and throttle in a study ol engine
cortrol but gives no concrete basis for the assumpticn. Additional
hibliographical material is presented in Reference 1.

With the background obtained from ths literature it was concluded
that a consideration of dynamics is required for a study of engine
control; at least in the throttle to torque rortion oif equation (5.
This conclusion was supported by the findings in Reference 7, which
also supplied a basis for actual assumption of a transfer fur:tion.
Reference 7 contalns a discussion of the simulation for conirol pur-
poses of the engines on the B-36 and B-50 airplanes.:

For the reolationship beiween Th snd Q4; the stecdy-state galn
transfsr function as given in equation (3) was modified, following
Reference 7, to include two first order lags, the time constants of
which were to represent (1) the time required to cause a change in
fuel-air mixture, and (2) the time reguired fur the change in fuel-
air flcw to enter the sngine, be ignited, sud expelled. It was felt
that, as a first approximation, these lugz chosen in Reference 7 for
a turbo-supercharged engine, could be reasonably applied to the
R1300-3 engine, which has a single-silage single-speed supercharger.
Engine acceleration tests later showed this assumption to be valid.

Literature could not be found which discussed the dynamical re-

lationship betwoen N and Q.. There is reason to assume, however,
that the dynamical effects of variaticn iz rpm on engine %oraue src
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small from tke following cornsiderations. 7o .egin with, let it be
Ppresumed that the ccntroi critericn provides for a maximum zllowable
deviaticn of rpm during transienls of 2% or the steady-state value.
Two per cent of the steady-state rpm (2400} equals 48 rpm. Tais
change in rpm gives a 0.15 x 18 = 7.2 f+. 1lb. change in tcrgus.
effect, in turn, of a T.c 1t. 1. change in torque on ths engine
can be determined from the torgue equetiorn (2). As indicated in
Appendix B; the total moment of inertia Iin terms of engine rpm (for

the HRS installetion) is 239.8 1b f¢ sec min rad/rev.e The relationship

The
r

E

. AN
Qe = Ipct 7T
glves
dN _ G5 = ;.2 = 0.03 rpm/sec.

IE T T B39

which correspornds teo 0.,03/11.3 = 0.093 rotor rpm per sec. Thus, if a
2% changz in rpm tcok piace (say, as a result of a gust load); the
change 1in engine torque; evern ignoring any time lags, would be rsla-
tivsly small (compared with the 2% initiating rpm change) in terms of
its effect in turn cn the rom of the rotor system. It is felt that
this (coupled with the lack of available data on this guestion) just-
ified the omission of dynamics in ihe roliationship between engine
torque and rpm.

Actually, the steady-state term

2Qs
SN
T = )48050

was rotained since it war felt *hat the engine acceleration tests
might later indicate a need for dynamical terms and provision was
thus made for their future inserticn.

The transfer function derived from the above consideration was
£

~
t.'.voé

R T OTE T OO T I

3

Th -~0.15K (%)

This function was used (ses refsrencs 1 - page i1) until ancther was
devalopred frcm engine acreleration test data.

3.3 Tranafsr Function Obtained from Engine Date

Althocugh the ebove engine transfer function had some logical
basis of derivation, it was feit thet experimental ccrroveratien was
required if the study of rotor rpm control was to be viewed with
confidence. VYor ithis reason it was regquested of the Buregu of Aero-
nautics and the Naval Aercnautical Engine Labocratory that dynamical
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tests be conducted on the R1300-3 engine or en engine which has simi-
ilar translsnt characteristics. It was proposed that two types of
tests be run, (1) inputs to throttle. recording engine torque and
throttle positiorn, and (2) inputs to load torgue, causing variations
in engine rpm, wnile recording engine toraue and engine rpm. These
were further sub-divided into acceleratio: and decsleration runse.

2.3.1 Test Setup

The engine used in the AEL tests was the WAC R1820-7L which
differs from the R1300-2 (the actual HRS-3 power plant) slightly in
moment of inertla, since the former has two more cylinders than the
latter, and greatly in torgue output; the R1L820-TL4 has an output
under ssa level take-off conditionas of uapproximately 2700 ft. 1ibs.,
compared with 1620 ft lbe. fcr the R1300-3., Because the helicopter
rotor (or load) moment of inertia is effectively much greater than
the engine moment .of inertia, it is reasoneble to sssume that small
differences of moment of inertic in the two engines will have 1little
meaning in the ultimate use of the dyramical data,

An electric dynamometer was chosen to simulate the dynamical
characteristics of the rotor 1n preference to a propeller becauss the
avalleble propeller governor couid not hold rpm to recuired toler-
ances, and the use of a propeller stand would have delayed tests by
approximately one month.

The test getup was instrumented to the extent that oscillegraph
traces of lecad torque, rpm; and throttle motion could bs obtalned.
Load torque was measured by strain gages as the reaction of the dyns-~
mcmeter housing. The position of the carburetor butterfly valve or
throttle was measured by a potentiometer. RPM was obtained through
use c¢f an AC tachometer, the output of which was resctified, the com-
plete network having a single order lag of O. 179 seces time constant.
The tachometer lag was considersd to be the ovniy dynanics invoived in
the instrumentatiou. Further discussion on the subject of instru-
mentation will no doubt %s inciuded in the ABL final test report.

3.3.2 Test Procedures

In conaidering varicus test procedures, AEL did not fa-or either
sinusoldal or step inputs fcr this work. Sinuscidal inputs were con-
gsidered too difficult to obtain witii the availabhle setup and the com-
plication involved in trying to reinstrument the test stand would have
required an inordinate amount of time;, money, and effort. Step inputs
were considered to be of such a nature that good results would nct be
obtaingble with their use. (Later in the test program so-cslled snsp
inputs in throttle were used for acceleraticn runs% Agreement was
reached 1n the use of ramp inputs for both throttle and loed.

The varlatlen in engine torque with throttie was obtained by
menual ramp inputs to throttle throuzh a iinear linkage. Stops on
the tiwrolile lever ware set at the base opersting point and at another
operating point corresponding vo ceveral deyrees change Iin throttle.
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Bocause the derivative had to be detsrmiined at constant rpm;, it was
necessary for the operator to become adept at verying the load torgue
with ons band through variations in the dynamometer fisld whlle mov-
ing the throttle lLsver smoothly betwesen stops with the other. Since
both rpm snd throttle pissiticn were measured, en accurate account of
the opavratord success was available. Four good accelsraticn end four
good decelerstion runs were chosen for each operating polnt frcm the
data which were obtained. The engine %borque was derived from a torque
meter, It can be readily seen that with the atcve cperation, sinu-
soidal or step inputs would have been very difficult for an operator
to follow. However, to obtain a smooth ramp it was necessary to move
the throttle several degrees, which apparently took the engine out of
the linear range. Thus, in the final stages of the test program, AEL
did switch to the small step=-typre irmput. It 18 assumed that the
operator held rpm constant in this case much in the same manner ss
before.

The change 1in engine torque with change in rpm was found by
varying dynamometer fleld sirength manually to simulate a ramp change
in lcad. The lcad change caused a change in reccrded rpm which in
turn was presumed to affect ‘the engine torque. Throttls position was
maintained constant. The shape of the rpm 'input! was not a simple
mathematical function; this consequently caused some complicaticn in
vhe analysis, as discussed later. As before, four runs were made for
acceleration a2nd deceleration at e ach operating point considered
(1004, 90% and 70% normal rated power).

The following data were transmitted to Minnespolis-Honeywell as
s result or these AEL tests.

TABIE II

AEL Engine Data Received by Minneapolis-Honeywell

Type of

No. of Runs Input Oper, Pt. Date Recelved

Accel. Decel.
1 ~7 Th 100% NRP 24 Nov. 1953
1 /" Qa 1004 NRP 2k Nov. 1953
1 i - Th 90% NRP 8 Jan. 1954
4 1 -~ Qa 90% NRP 8 Jan. 1954
L A @x 90% NRP 23 Feb. 1954
4 4~ Th 704 MNRP 23 Feb. 195L
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3.4 Engine Dats Anslvsis

The simulation cf reciprocating engine dynamics requires four
types of data:

TABLE IIla

Types of Engine Data Rscefived

Type No. Type of test run
(1) response of Qe to increase in Th
(2; recsponse of Qe to decrease in Th
{(3) response of Qe to increase in N
(4) response c¢f Qe to decrease in N

For analysis purposes the dats thus.far recelived Irom AEL may
be listed more conveniently in the following form:

TABLE IIIb
Set Type No No.of Runs Input Sizeof Imput Oper.Pt. Date Received

a. 1 1 Ramp Large 1004 NRP 24 Nov. 1953
b. 1 1 Ramp Large 904 XRP B Jan. 195
C. 1 L Step Small 904 NRP 23 Feb., 1954
d. 1 L Step Small 704 NRP 22 Peb. 195l
€. 2 1 Ramp Large 90% NRP 8 Jan. 1954
P 3 1 Ramp Large 1004 NRP 24 Nov. 1953
g 3 1 Ramp Large 9C% NRP 8 Jan. 1954
h. L 1 Ramnp Large 90% NRP 8 Jan. 1954

It i3 immediately clear that Unly =mall amounts of deceleration
datz have heen recelvad. The size of input is included as one of
the hoadings in Table IIIb since 1t is well to ncts that the engine
was well into its non-linear range for thcae marked "large”. Other
points of intsrest concerning the duata will be mentioned 1n the course
of the following analysis.

The generel anslyslis procedure was aimed at finding a simulstion
on the REAC which produced & trace which closely re.zmbled the vari-
ation in sngine torque for throttie ¢» rpm inputs si.dilar to those
actually experienced by the enginus. The results of the REAC work
were then used to determine a transfer function.
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A Qe
oTh nli(acceleration)z This function was determined from data type 1
for which there are four sets of data runs. Data set c. (see Table
ITIb) was chosen since a small atep was used (thereby preserving a
lineer engine torque variation). and becsuse the tests were run at
the 90% operating poirt. In the over-alil controis study under Nonr-
929(00) it has been assumed that the R1300~3 engine is operating

at 1004 N.R.P.; since complete dynamical test results are available
only for 90% N.R.P., the additional assumption 1s made that the dirf-
ferences in dynamics between the E1300-3 and the R1820-7h4 at the

100% N.R.P. foint overgyadou any diftferences in the R1820-7l dynamics
between the 100% and 90% N.R.P,. points.?

The REAC disgram which was used to simulate this portion of the
enzine is shown in Figure 3. Pruvisions are shown for both remp and
step inputs because data for both input types were available. In
Figures L and 5, the engine inputs and responses and final simula-
tions thereof are compared. Data set c. is shown in Figure l, while
in Figure 5 the transfer function obtained I{rom sst c. is sutjected
to a ramp input and compared with the _set b. data. The set b. data
were derived from & large throttle ramp” which took the engine into its
non-linear rsnge; thus, not too much dependence can be placed on this
cset of data. It is believed that the simulated dynamicsl character-
istics of the engine as indicated in Figures 4 and 5 are sufficiently
similar to that found in the experiments as to gatisfy the present
requirements. '

The tranafer function is ottalned from the potsntiometer set-
tings shown on Figure 3 as

Q = 26:6 Th + 66.5 Th
e = 522

(6)

where throttle is in degrees. The numerator gains were obtained by
agsumlng steady-state

oQa

— = 26.6
aThiy T

{Table I) and then determining

%n

through comparison of the reiative voltages for the two derivatlves
as obtained framn settings of potentiometers (5) and (1), Figure 3.

- e e Es s @ s TN G ms @ @ @ @ TR ma W Ea @ 6w e W M Wr G s @ @ e e e e e & e

# Actuel throttle ampllitude 2in test was 3.4°; by presuming the torque
to vary linsarly, it was possible to reduce the data in Plate 1 of
Rufarence {3) to that shown in Figure 5.
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oTh Decel.: Only one data set (set e.) has been received for this
£50o test and that consists of nnly one run. This run was made at

90% #.R.P., but a large ramp inrut (5 1/2° Th) was used; consequently,
the engine transisent went well into ths non-linear range. Little
effort was expended in trying to duplicate set e. on the REAC becsuse
of the non-linearities involved and tecauise data of the small step-
input variety were telievel to be available at AEL, These data, of
course, will be much more useful to us. The REAC diagram shown in
Figure 6 gives a response to a ramp input which follows closely that
of the engine for the first two seconds, during which the engine
torque change is sti1l in the linesr range. Ilocwever, it 1s not use-
ful in cbtaining the transfer function because steady-state condi-
tions were not reached by the simulated response. The results are
shown along with engine data on Figure 7. Further work on this
functicn must awalt recelpt of the appropriate AEL data.

Re

2N !7n  (Accel. and Deccl.): Types 3 and 4 test runs are discussed
together because of the many similarities involved. 1In both cases
only a minimum of engine data have been received. The runs which
are avallable show responses to large inputs which run the sngine
Iinto the non-iinear regime. Anocther failing in these runs, which may
not be reedily eliminated, 1is related to the fact that as rpm varies,
the load torque varies, which causes furthei: variation in rpm.and
thus in tne observed engine torqus. For these reasons only the first
Tfew seconds of each run are used for simulatiocn purposes, the rpm
having relatively low values during these periods.

A REAC diagrsm and transfer function which can be used for both
types 3 and L are shown in Figure 2, along with the sppropriate pot
se* “ings. Comparison of REAC results and engine traces for type 3
dats are shown in Figure 9. Figure 10 shows the seme informstion for
type 4 data. As 12 readily seen in the figures, the test results
were modified after the first few seconds and the runs were extended
somewhkat srbvltrarily to give a steady-state value upon which the
transfer function calculations could be based. Figure 11 shows & run
which approximates an average between tyrss 3 and 4. The simulaticn
for Figure 1l might be used to eliminete the noun-linearity with accel-
eration,

The transfer function for types 3 and 4 is of the form

K1 + K,S + K82
q = KL 2 3

—f?33 ) N (7)

where N 1is in engine rpm. For the various runs involved, assuming
K1 again equals ~0.1i5 (Table 1), the gains and time constant become:

Accels -0.15 -0.014,5 -0075 0.2
Decel, =-0.15 <=0.05 -0.0 O©C.2
AVG. -Ools -0005 -0.35 0.2
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SECTION IV
CONCLUSIONS AND RECOMMENDATIONS

The transfer function obtained from the results of the type 1
data and an average of the types 3 and Iy data was as follows:

2 O. OCO S o’ 32 r
Q = ?g <6 + 66.5 8 - Th - _—£2T%T§§-§_f§—“;2i=”‘v (8)
§_3

+ 1.063 + 1

The function presently being used in the helicopter controls studie
under Ncnr-929(00) is similar %o that of squation (8) except that
the second term is simply -0.15N.

The relationship betweon engine torque and throttle for acceler-
ation is the only one of the four types studisd in which there is =
substantial degree of confidencs for reasons given in the previous
Section. Additional data, which are expected from AEL, would make
vossible .the inclusion of a deceleration function for R, (= Q. (Th))
in a satisfactory mannsr.

Concerning the reslationship between torque and rpm, 1t appears
that further data from the test procedure employed in the present ex-
periments will not necessarily Lesd to an Improved function. Some
means should bs found to siiminate the effect on engine torque of the
variation in load torque with rpm. In any event, it appesrs that the
dynamics iii the relabtionship bstween engine torque end rpm may be

negligible.

The complete itransfer funciion should be determined for another
cperating point, 0% of normal rated power, especiall ly for appli-

a

-l =24 { ,
~n
~

8
cation to automatic controls studies for multi-engine helicopters.
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APPENDIX A
SYMBOLS -

G e===- gear ratio

I ----- encine moment of inertia
Ig ===-- load (rotor) momsnt of inertia

Ky =----- proportional gain

K2 ----- rate gain

K3 ----- acceleration gain
N ece-- ,éﬁgular velocity

By ~m== manifold pressure
Qa ===-- engine torque

Qn -==== load toraque

Ty, ===== throttle angle
8 w~—=- Lapacian operator
t =eme- time

U a=-==- time constant
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APPENDIX &
CALCULATION OF MOMENT OF INERTIA FOR HRS ENGINE LOAD

A. HMaln rotor and Taill Rotor

Gear Reduction Moment of Inertia
Pﬂ?r"

Main Rotoxr 11.31% 2775 slug fte
Tail Hotor 1.62 2.5 slug ft2

taken relative to main rotor and tall rotor angulsr velocity, rs-
spectively. Converting the tail rotor moment of inertia to be rala-
tive to maln rotor angular veloclty, this becomes

2
(21e322)" x 2.5 = 122.1 slug £t2

B. Engine (moment of inertia reiative to englns rad/sec)

Basic engine: 2200 1b. in2

Supsrcharger: 2120 1b. in<
Plywheal ¢ 7149 1b. in2
Total LILE0 3%, Sne

Converting to main rotor angular velocity (rad/sec), the engine
moment of Inertla becomes

(11.315)% x 11460 x "'2_2':1:_11?11 = 316.5 slug ft.°

C. Total Moment of Inertis

316.5 + 2775 + 122.1 = 3213.6 siug £t2 (relative to rotor rad/sec)
Converting thils total In terms of engine rmm glves

21250577 * B9 = 239+8 1b It sec min raa/rev.
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