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FOREWORD

The Quarterly Bulletin is designed primarily for the information of Canadian
industry , universities, and government departments and agencies. It provides a regular
review of the interests and current activities of two Divisions of the National Research
Council Canada:

~~ Division of Mechanical Engineering ~~~~ .

National Aeronautical Establishment p .

Some of the work of the two Divisions comprises classified projects that may
not be freely reported and contractual projects of limited general interest. Other work ,
not generally reported herein , includes calibrations, routine analyses and the testing of
proprietary products .

Comments or enquiries relating to any matter published in this Bulletin should
be addressed to: DME/NAE Bulletin , National Research Council Canada , Ottawa ,
Ontario , K1A 0R6 , mentioning the number of the Bulletin.

AVANT-PROPOS

Le Bulleun trimestriel est conçu en premier lieu pour l’information de l’indus-
trie Canadienne , des universités , des agences et des départements gouvernementaux.
II fournit une revue régulière des intêrêts et des activitês actuelles auxquels se consacrent
deux Divisions du Conseil national de recherches Canada:

- 
Division de genie mécanique

Etablissement aéronautique national

Quelques uns des travaux des deux Divisions comprennent des projets classi-
fiés qu ’on ne peut pas rapporter librement et des projets contractuels d’un intérê t général
limité. D’autres travaux , non rapportés ci.après dans l’ensemble, inctuent des étalonnages,

0

1 
des analyses de rou tine , et l’essai de produits de spCcial i té .

Veui llez adresser tout commentaire et toute question ayant rapport a un sujet
quelconque publié dans ce Bulletin a: DME/NAE Bulletin , Conseil national de recherches
Canada , Ottawa , Ontario , K I A  0R6 , en faisant mention du num Cro du Bulletin.
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TIl E 1I0’I ’ WOR KI ~ (; DEl I AV IOU It OF ’ M AR M200 s t ip l :KALLo ~ (:o\Il’,~( I’s

J . J) •~~ Iiiiin arigeon , W . %S allact ’ G. Van l)runeii

Str iw tii r e~ and ~later ials  Lab oratory ~% esting liinise Canada I iIIu it e( l ,

\ .j(j oiial ~eroiiaii h eal Es tab u islinie , i  I lamilton , Ou t.

A BSTR ACT

‘I’he hot working behaviour of some hot isostatically pressed low carbon Mar M200 super-
alloy compacts has been examined by means of axisymmetric compression testing in the range 1050°C
to 1200 °C at constant true strain rates between iO~ s~ and 1 ~~ The com pacts were pressed either
below or above the y ’ solvus to obtain grain sizes in the range 2-8 j.L m or 20-200 ~m respect ively . ‘I’he
fi ne grained compac ts deformed superplastically at all tempera tures and at strain rates in the range
from l0-~ s~ to 102 s~~. Under these conditions the strain rate sensitivity exponent m was about 0.6.
The coarse grained com pacts produced peak fl ow stresses 3 to 6 t imes larger than the fine grained
material and showed a strain rate sensitivity exponent of about 0.12 under the same working condi-
tions. Both the fine and coarse grained material s recrystallized dynamically during deformation
leadi ng to flow softening. Uniform recrystallization and deformation occurred in the initially fine
grained compacts resulting in high ductility . Localized recrystallization occurred along prior grain
boundaries in the ini tially coarse grained material resulting in localized plastic flow and severe internal
cracki ng at high strains. The manuf acturing of powder metal lurgy superalloy parts is discussed in the
light of these results.

INTRODUCTION
It is widely recognized that powder fabricated superalloy bill ets have much superior work-

abili ty than their ingot-produced , as-cast counterparts (Ref. 1). The benefi ts derive from a reduction
of dendritic segregation , wi th the result that wrough t products can he produced from hithert o difficult
to work casting-type alloys. Moreover , i t has been demonstrated that stable ultra-fine grain sizes can
be developed , ei ther in cast and wrought or powder fabricated and wrought superalloys , allowing these
ma terials to deform superplastically (Refs . 2, 3). For example, in the Gatorizing Process (Ref. 4), the
superalloy is extru ded at a temperature just below the y ’ solvus so that adiabatic heating causes
momentary solutioning of ‘y ’, recrystallization , and rapid re-precipitation of y ’ t o stabili ze the fine ,
recrystallized and superplastic grain structure. In the superplastic condition , such materials can be
forged at low pressures int o complex , close tolerance shapes, provided that the working conditions of
temperature and strain rate are controlled. The purpose of this paper is to show that the necessary
fi ne grain size for superplasticity can be retained in as-pressed HIP compacts by appropriate control of
powder type and pressing condi tions.

MATERIALS

The alloy examined was Mar M200, a high strength casting~type nickel-base superalloy 0

which relies on y ’ (Ni 3 Al) precipitation hardenin g and solution hardening with tungsten. The master
alloy was argon atomized and the resultant powder consolidated by ho t isostatic pressing (HIP )  in
evacuated stainless steel tubes. The powder chemistry and mesh size distribution are given in Table 1.

Four sets of HIP pressing conditions were used as given in Table 2. Since the y ’ solvus is
1200°C ± 15°C, f l i P 1 represents a two-phase y + 

~~~

‘ condition , f l I P  2 a partial ~ solution condition ,
and HIP 3 and HIP 4 full solution conditions. The grain sizes and gamma-prime particle sizes pr(~seu1t
after pressing are given in Table 2, and selected microstructures shown in Figure 1. The PFC5CI1CC of
coarse ~y ’ on grain boundaries during HIP treatments 1 and 2 stabilizes the fine as-atomized grain size
of the powders ( Fig. la), while recrystallization to a coarse grain size occurs during the full solution
treat ment pressings of HIP 3 and 4 , Figures ic and 1(1. The compacts can therefor e he classified either
as fine grained (I HP I and 2) or coarse grained ( I l l  P 3 and 1) materials , and their flow and fractur e
behavio ur during hot working are examined accordingly.
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TABLE I

CH EMISTRY IN WEIGHT % AND MESH SIZE OF TIl E MAR M200 POWDER

Element Ni Co Cr Nb Al W Ti Zr C B 02 N 2
% Ba! 11.08 9.8 1.02 5.23 12.82 2.1 .047 .022 .018 .006 .0014

Mesh +80 +100 +120 +140 +170 +230 +270 +325 +500 - 500
.3 .1.3 5.5 6.6 9.3 15.6 7.8 8.8 23.2 18.6

TABLE 2

HI P PRESSING CONDITIONS AND MI CROSTRUCTURAL CHARACTERISTICS OF THE
COMPACTS AT ROOM TEMPERATURE AFTER PRESSING

~~~

‘ Content andHIP . . . Gra in Size
Sam te Pressing Condit ions * rn Particle Size pm.p HF F B

1 1050°Cf2 hrs/69 MN/rn 2 2 - 8 .4 1.5
2 1150°C/2 hrs/69 MN/m 2 2 - 8 .1 2

3 1250 °C/2 hrs/ 103 MN ,’m 2 20 - 200 .05 .2
4 1100°C+1230°C/2 hrs/69 MN/rn 2 20-  200 .05 .2

h F = Hyperfine (spherical), F = Fine (cuboidal) and B Blocky (irregular).
* All sam ples air cooled from pressi n g tem peratu res.

EXPERIMENTAL PROCEDURE

A high temperature compression testing apparatus was used to simulate hot working condi-
tions. The isothermal axisymmetric tests were carried out between silicon nitride platens in a 10,000
Kg MTS h ydraulic testing machine modified for constant true strain rate deformation. The constant
true strain rates were obtained by means of an analog function generator designed to operate in
conjunction with the MTS controller, This device causes the compression ram velocity to remain 0

di rectly proportional to the specimen height during straining. Details of the compression train and
analog function generator are given elsewhere (Refs. 5, 6). The compression specimens were right
cy linders, 9.65 mm long and 6.35 mm in diameter , machined from the f l I P  bars. The end faces of the
cylinders were grooved in order to retain the molten glass lubricants * used to prevent barrelling of
the test pieces.

The tests were carried out under flowing argon and at temperature intervals of 50°C in the
range from 1050°C to 1200°C. At each temperature , 5 strain rates were used between 3.0 X 1O~ s ’
and 1 s 1 

. In these tests, the specimen height was measured by means of a high temperature displace- 0

ment transducer which monitored the relative displacement of the compression platens. l)ev eloped
load and specimen h eigh t were continu ou sly recorded on a x - y recorder , or at high strain rates on a
high speed 2-channel galvanometric recorder**. The true stress-true strain curve for a given specimen
was calculated from the load-displacement data , assuming that no volume change takes place during
deformation. The compressed specimens could be quenched within 1 to 2 seconds of the end of
deformation in order to retain the hot worked structures for metallographic examinations.

* 1~O , , , ,sh n’diiiin / ~ aIt iur ~i hur,, %Ilu .ik’ s ii ith ~~~~ in , an i , , u n t s  ,‘I rna~ rn si I and alumina t r , ~ii~ I ~tc ,i -I lusfl ~aI I’t , hn~t~ . U.i~ vuI k.
I )nt a ri ’, ( . i mi . Ia .

• * I i r II%Il reci ’rdt ’r. iii,’d,l 25 .
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The deformed and quen ched specimens were sectioned longitudinal ly, mechanically pol-
ished and chemically etched . Two etching solutions were used , one to reveal y morphology and dis-
tribution (Inco etch*) and the other to reveal grain boundaries (Marble ’s reagent**). Exan~ina tions
were carried out by means of optical and electron microscopy.

RESULTS

The effec ts of prior thermomechimical history and testing conditions of temperature and
strain rate are examined below.

1. Flow Curves

The stress-strain curves of the four compacts were qualitatively similar as shown in Fig-
ure 2. Each curve depicts a microstrai n region and an apparent macroyield followed by rapid work
hardening to a peak flow stress. The peak flow stress is followed by softening where the flow stress
falls asymptotically towards a steady state value at high strains. The peak stress, the strain at peak
stress and the degree and rate of work hardening and flow softening are dependent on the prior
thermal history and microstructure of the compact. The finer the initial grain size , the lower the peak
flow stress and the higher the strain at peak stress. Furthermore , the differences in fl ow behaviour
are more pronounced at low strain rates and low temperatures over the ranges investigated.

Under identical testing conditions , the coarse grained compacts undergo considerably more
flow softening but take longer to reach steady state as shown in Figure 3. Figure 3b shows that at

= 1.4 X iO~ s~~, the coarse grained compacts have not reached steady state flow at strains of 0.8.
In the fine grained compacts under the same conditions , steady state is reached much earlier and
Particularly so at high temperatures. Ex trapolating the flow curves of Figure 3b to high strains in-
dica tes that the steady state stresses would be similar for fine and coarse grained materials, under
similar test conditions , th u s demonstrating that the effects of prior thermomechanical history are
gradually eliminated during working.

The effects of working temperature are shown in Figure 3. Flow strength diminishes rapidl y
with temperature in both fine and coarse grained materials, and flow sof tening is more appreciable
at the lower temperatures. The temperature dependencies of the yield*** and peak flow stresses in
these compacts are shown in Figure 4 for all strain rates used . The isostrain rate curves show similar
trends in both materials particularly at low strain rates. For the fine grained compact (h IP 1), the
reversal in cu rvature observed at high strain rates and low temperatures suggests that the deformation
processes may be different to those occurring at low strain rates.

The effec t of strain rate is shown in Figure 5 which indicates that all test materials are
strain rate sensitive. These and earlier data indicate that thermally activated processes control the
deformation over the ranges investigated . The strain rate dependencies of the yield and peak flow
stresses at all testing temperatures are presented in Figure 6. The data demonstrate that the fine
grained compact is considerably more strain rate sensitive , particularl y at the lower strain rates. In
this material (HIP 1) the strain rate sensitivity index

/ a ln (J\
in = 

~s,a in ~ )r . s tr u e t u r t ~

app roximates 0.6 at low strain rates anti 0.2 at high strain rates. The gradual transition between the
two regions is shifted to higher strain rates with an increase in temperature . In contrast , the strain
rate sensitivity index for the coarse grained material (HIP 3) is 0.12 over the entire range. Similar
values are obtained using either yield or peak flow stress data . Superplasticity is usually associated
wi th strain rate sensitivity indexes higher than 0.5 (Ref. 7) rFlw importan t observation , therefore ,
is that the fine grained compacts deform superplastically under appropriate forging conditions.

* In,i, ~t cI i  SI) ni l II(’l , 25 nil IINO , . 2 g in ( ,i( l , . 20)1 iii II , O.
~ ~Iarhle ’’ reagcnl I l l  i n i  ( uSU~ . 5))  i i i  11( 1. 5) ) i i i  11 ,0.

~~~ i)~t i n , d  as h it’ h ost ~~~~~ at a (1. 1 ) 1 ) 2 sh Im , .) t ’, t

-~~~~~~~~~ - . ____ _ _ ._s__ ___ 
‘~— - — _a-_ . -. —~ 
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2. Processing and hot worked structures

The microstructures depicted in Figure 7 are representative of the structures developed
during hot working of the powder compacts . In the fine grained material , for which the testing condi-
tions belong to the high strain rate sensitivi ty region , the initial grains have been almost entirely
replaced by new grains of an even finer size. Under these same conditions , the coarse grained compact
shows partial recrystallization localized mainly along prior grain boundaries. The shadowed carbon
replicas of Figu re E indicate that the recrystallized grain size is the same order of magnitude in the
two compacts and therefore depends only on the deformation conditions. It increases with tempera-
ture and decreases with strain rate over the ranges investigated. Furthermore , it is apparent from these
photographs that the recrystallized regions are of a microduplex nature with equiaxed ~ and 7’ grains
uniformly distributed throughout. In view of the short quenching times involved in these tests (<2 s)
and of the stability of the hot worked structures when quenching is delayed , the new grains are
believed to have formed dynamically during deformation.

A change in 
~~
‘ morphology occurs during compression and this is particularly evident in

the coarse grained materials. The fine (.1 to .4p) cuboidal precipitates coarsen and transform into
oriented plates or rods (1 to 3p long, .4 to .6p wide) that are seen in the non-recrystallized areas of
these compacts , Figure 8d. The preferred alignment of the precipitates appears to depend on the
crystal lattk e orientation of the parent matrix and varies from grain to grain in a random fashion.
In the fin” grained compacts , however , these effects are not so evident since the 7 precipitate prior to
compression is alread y of a coarse size and also these materials recry stallize dynamically to a micro-
duplex structure during compression.

Metallographic examinations indicate that ductility in all compacts increases with tempera-
ture and decreases with strain rate. These effects are particularly evident in the fine grained materials
in the high strain rate sensitivity region. Figure 7 shows that under identical conditions of strain rate,
strain , and temperature , considerably more cracking occurs in the coarse grained than in the fine
grained compacts. The importan t result , therefore , is that hot ductility is greatly improved by the
presence of a fine grain size prior to deformation.

DISCUSSION

It has been shown that superplastic flow can be obtained in nickel-base superalloy compacts
hot-isostatically pressed below the ~ solvus. Superplasticity is dependent on the fine grain size
(Ref. 7) and on the ability of the 

~~
‘ particles to impede recrystallization and grain growth (Refs . 8,9). 0

This allows the inherent fine grain structure of as-atomized particles to be retained during pressing
and prevents the growth of recrystallized grains during forging. It appears th erefore that the inter-
mediate extrusion process often used to generate the superplastic condition in superalloy compacts
(Refs. 3, I) is not entirely necessary and that superplasticity can be achieved simply by appropriate
choice of powder type , mesh size and HIP pressing conditions (Ref. 10). This is important in practical
terms since by HIP pressing to a superplastic condition a costly extrusion process can be elim inated
and greater flexibility is allowed in the design of superplastic forging preforms SO that forging strains
can he minimized. Furthermore , not only are fine grain size and superplasticity important in lower-
ing working pressures , but they also provide for greater ductility during hot working than is obtained
with equivalent coarse grained materials (Ref. 10).

The types of powder , mesh sizes and temperature ranges required to ensure the retention
of a superplastic condition during HIP processing have not been investigated . However , i t is appare n t
that any powder having a grain size of less than about 10pm should be suitable , provided the pressing
temperature is kept well below the 

~~
‘ solvus (viz. >25°C). Examinations in these laboratories (Ref . 10)

have indicated that most types of commercial (—60 mesh) argon atomized powder should satisf y the
grain size requirements, whereas similar sized powder from the rotating electrode process appears t.o
have grai n sizes an order of magnitude larger. Forging these latter coml)acts in the temperature range
close to, hut  below the ~~

‘ solvus would result in non-uniform recrystallization and non-superplastic
flow characteristics as discussed below with respect to the present coarse grained compacts. Pressing

-

~~~~~~~~~ --L- ~~~~~~~~ _ _ _ _ _ _

18-
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above the ‘ solvus leads to dynamic recrystallization and , in the absence of powder surface boundary
carbide precipitation (Ref. 10), the formation of a coarse grained deformation resistant microstruc-
ture .

The flow curves and microstructura l observations indicate that , while differences exist in
strain rate sensitivity for the coarse grained and fine grained materials, the processes occurring during
deformation are qualitatively similar under similar conditions of strain rate and temperature. The
restoration mechanisms of dynamic recrystallization and second phase coarsening are operative in
these compacts , as expected in nickel-base superalloys (Refs . 11, 12), and their initiation can be
associated with the softening process that follows the peak flow stress, as observed in many other
materials (Ref . 13). The deformation modes are those of grain boundary sliding and shear strain
accommodation by diffusion or plastic flow within the grains (Ref. 14) or , alternatively, those of
intragran ular flow by dislocation generation , annihilation and rearrangement (Ref. 7). What process
is dominant depends on the initial structure , the rate of forming, the temperature and the strain
(i.e. the structure).

At slow strain rates, all materials tend to deform by grain boundary sliding, witb plastic
accommodation within the grains. This is the dominant deformation mode in the fine grain ed mate-
rials both before and after the onset of dynamic recrystallization. In contrast, in the coarse grained
material , sliding is at first severely restricted by the lack of plasticity and strain accommodation
within the grains which is a consequence of the small grain boundary area and an effective y
strengthening effect. This restriction of sliding is responsible for the high yield strength and high peak
flow stress in the coarse grained materials. However , once dynamic recrystallization is initiated along
prior grain boundaries the local deformation mode becomes similar to that of the fine grained mate-
rial.

At higher strain rates, grain boundary sliding cannot easily accommodate the required
deformation rates (Refs . 7 , 14). Intragranular deformation by dislocation glide and climb becomes
the dominant deformation mode and results in the conventional low strain rate sensitivities. The
decrease from m = 0,6 to m = 0.2 in the fine grained compacts is due to this change in deformation
mode . Since the volume fraction of fine recrystallized grains increases with strain , the superplastic
properties of all forged compacts can be expected to be greatly enhanced by this structure refinement
(Ref . 7) in accord with accepted practices (Refs . 3, 4).

In the fine grained material and at low strain rates recrystallization and deformation occur
homog .Ieously due to the large initial grain boundary area , so that large crack-free strains can be
developed under reduced working pressures. The growth of the recrystallized grains is restricted by
y ’ ( Refs . 8, 9) and thus a stable fine grain size is established dynamically during working. In the coarse
grained material , the initial intragranular deformation leads to grain boundary distortion and local
recrystallization along these boundaries. As in the fine grained material s, the recrystallized grains are
l)reventvcl from growing to any extent so that the equilibrium grain structure developed during
deformation consists of a dup lex structure of coarse , non-recrystallized grains in a “matrix ” of ultra
fine recrystallized material . The new grains are of a similar size to those of the fine grained material
deformed under similar conditions of strain rate and temperature.

Observations of the ‘y ’ particle sizes and distributions before and after deformation indicate
that  the recrystallization process involves a local resolutioning of y ’ ahead of the advancing recrystal-
lized boundaries. Both theoretical considerations (Ref. 15) and experimental observations (Rt’fs. 15-
17) support this contention, This is followed by reprecipitation and growth of equiaxed grains of y ’,
which occurs when the austenitic matrix reaches some critical degree of supersaturation in the y ’
forming elements. The net result is the formation of a microduplex structure comprising discrete
equiaxed grains of (recrystallized) and (reprecipitated ) ‘

~~~
. Thus any strengthening effect associated

with the original ‘ distribution is destroyed during working and the soft recrystallized material 0

deforms superplastically at very low stresses.

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ uljNJ*$ur ,LI~~~~. ~~~~~~~~~~~~~~~~~~~~
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Deformation occurring after the onset of recrystallization in the coarse grained compacts
is concentrated heavily in these soft recrystallized “grain boundary ” bands. For any given macroscopic
strain , the local strain in these hands is considerably higher than in the fine grained compacts where
recrystal li za t ion and th e sof t mic rod u plex structure are more uniformly developed. Also sl.rain UC(Oifl -

modation by plasticity within the ‘ strengthened interior of the residual coarse grain structure is more
dif ficult and therefore wedge type cracks develop rapidly at. points of stress conee~ tration. ‘l’lw net
result is that ductility in the coarse grained materials is considerably less than in the fine grained
materials under similar working conditions.

The above model implies that the steady state flow stress of the coarse grained material s
should he controlled by the structure within the recrystallized bands and that if recrystallization
were complete the flow stresses would fail to the steady state values of the initially f ine  grai n ed
material s. While this situation was never reached , because of the early onset of fracture , the flow
curves did tend to converge at high strains to those of the fine grained compacts .
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FIG. 2: TRUE STRESS-TRUE STRAIN COMPRESSION CURVES FOR MAR M200 COMPACTS , ILLUSTRATING
THE EFFECTS OF HIP PROCESSING CONDITIONS ON HIGH TEMPERATURE FLOW. A) AT 1050 C
AND 3.0 s 10’~ s~~, THE COMPACTS PRESSED ABOVE THE 7’ SOLVUS (HIP 3, HIP 4) SHOW A FOUR.
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FIG. 7: EFFECTS OF THERMOMECHANICAL HISTORY ON THE MICROSTRUCTURES DEVELOPED IN MAR
M200 COMPACTS DURING HOT WORKING TO A STRAIN OF 0.6 AT 1050° C AND 3.0 ’ 1O’~ s ’ . SAM-
PLES INITIALLY HIP PRESSED a) BELOW THE 7 SOLVUS (HIP 1) AND b) ABOVE THE 7 SOLVUS
(HIP 3). THE FINE GRAINED COMPACT (HIP 1 ) I S  UNIFORMLY RECRYSTALLIZED WHEREAS IN
THE COARSE GRAINED MATERIAL , RECRYSTALLIZATION IS INCOMPLETE AND LOCALIZED
ALONG PRIOR GRAIN BOUNDARIES OR TWIN BOUNDARIES.
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MATTE ALLOCATION IN A COPPER SMELTER

- L.K. lNenonen *, U. Craet ’e** M .Y. Nei inanis, C.M . Woodside
I ~~~~~~~ Systems and Human

h gineering Laboratory Carleton tiniversits- ,
**Analvsis Laboratory

Division of Mechanical Et igineeritig Ottawa , Out.

ABSTRACT

Methods to improve productivity and efficiency of a copper smelter include mathematical
or analytical techniques of the industrial engineer and heuristic techniques of the smelter foreman . An
overall procedure is described which attempts to take advan tage of the best features of each approach
by using an existing interactive computer model of the smelter.

The first step in the proced ure is the development of a mathematical description of the
steady-state or undisturbed smelter behaviour. Then , based on this description , a problem of matte
allocation to the converters to maximize overall matte consumption is form ulated and solved . Practical
methods for implementing the optimization results are then developed and evaluated by the converter
foreman using an existing interactive computer model of the smelter. Finally, these proced ures are
implemented in the smelter.

This paper describes the first two steps in this work , including a discussion of the resul ts of
the optimization study for a specific case.

1.0 INTRODUCTiON

In any complex industrial plant , production rates and efficiencies are infl uenced by the
dynamic characteristics, cyclic in some cases, of the individual processing units involved . Copper
smelter operation features cyclic or batch operation of the converting and anode furnaces and it Is
reasonable to expect that overall smelter production and efficiency depends on the choice of cycle
times for these interacting processes.

A second feature of such complex industrial operations is that , due to disruptions such as
equipment breakdowns or excessive delays due to poor scheduling, these operations seldom operate
in a so-called smooth or steady-state condition where a given cyclic behaviour is maintained . Conse-
quently, a two-fold problem exists, first of defining the best steady-state operating procedure for the
plant given no disruptions , then determining acceptable procedures for rapid restoration of the best
steady-state operation following a disruption .

This paper concerns the first two phases of a project directed at finding POSSiI)le solutions
to this problem for a specific copper smelter at Noranda , Que. ( Fig. 1). Phases of the overal l project
to be discussed include:

(1) Formulation of a so-called steady-state optimization problem using converter cycle
lengths and time interval s between converter end Points as decision variables.

(2) Solution of this problem using a standard optimization technique.

(3) Evaluation of the feasibility of smelter operation using the optimal cycle lengths and
end poin t spacings.

(4)  D~ 
t ermination of procedures by which the plant foremen could restore optimal smelt-

(‘r operation following disruption due to equipment breakdowns and other reasons.
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Phases (3) and (4) will each involve two stages. ln each case, preli m inary evaluations of
the proposed procedures will be made by operating personnel and others using an existing interactiv e
computer model of the smelter (Refs . 1, 2 , 3). ‘I’hen , if the operating Personnel are satisfied that the
procedures are workable , they could be evaluated in the actual plant.

2.0 PROBLEMS OF SMELTER OPERATION AND POSSIBLE SOLU’I’IONS

The material flow in the converter aisle of a copper smelter is depicted in Figure 2. The
major processing units are reverberatory furnaces , converters and anode furnaces.

‘I’he reverberatory furnaces smelt copper concentrates to produce reverl)eratory matte
consisting of a mixture of iron and copper sulphides. Matte and reverberatory slag are tapped period-
ical ly from the furnaces in order to recover some of the residual copper it contains. ‘l’wo types of
reverberatory furnaces are used in the smelter , the hot charge furnace being fed roasted concentrates
and the wet charge furnace receiving concentrates directly from the mill. The matte produced by the
hot charge furnace usually has a higher concentration of copper. Ladles of reverberatory matte are
tran sferred via overhead cranes to the converters where the molten matte is subjected to an air blast.
The iron and copper sul phides are oxidized to an iron silicate slag and to blister copper in a two-stage
batch process which takes abou t 8 to 10 hours. The earlier slag stage is divided into four to six blowing
periods , each starting with a number of matte additions and ending with the removal of a number of
ladles of slag which are returned t-o the reverberatory furnaces. During the second or copper stage ,
copper sulphide is oxidized to blister copper , with periodic’ additions of cold copper to absorb tht ’
excess heat produced by the exothermic reaction which occurs. ‘l’hus , converter operation is cyclic ,
the cycle consisting of the slag and copper stages with their respective sequences of material additions
and removals.

Al)art from the blister copper used to produce copper pigs for converter cooling, the blister
copper is tran sferred from the converters to an anode furnace for further refinement to anode copper.
The anode copper is tapped to a casting wheel where anodes are formed for final electrolytic refining. 0

‘the anode furnace operation is also cyclic , consisting of loading, refining and casting phases , wi th  a
typical cycle time of 12 hours.

To minimize crane interference , the converter aisle foreman attempts to distribute crane
activities evenly over his shift by forecasting and adjusting the t iming of the converter end points such
that only one converter requires extensive cran e service at any one time. I lowever , due to the differ-
ent sizes and processing rates of the various converters , he attempts to speed UI) slow converters or to
hold back fast ones , to prevent the cycle of one converter overtaking the cycle of another.

Many unpredictable factors such as crane breakdowns, changes in mat te  composition .
changes in converting rates or excessive crane delays due to poor scheduling also interfere wi th  th e
foreman ~s effo r ts to maintain good pro duction rat es.

In view of such diff icul t ies , what  can be done to assist the foreman to improv e operations ’.’
.- Is a first step, a smooth , steady -state m ode of smelter operation must be defined , in t erms of th e
sequence of events in each convert( ’r and anode cycle and of the relative t ime spacing between these
cyc les. ( ‘un-ently, the smelter foremen follow a set. of general but unwr i t t en  operating rules . I ’l) is
mode of smelter operation should be replaced by a clearly defined ‘‘i( h’al’’ mode to serve as an () t ) l t ’ t ’-

I V I’  to I)t ’ sought by the converter foremen. Then , when disturbances occur , foremen can str i \ - t to
restore this ideal o~)eratin g condition as quickly as possible , using their  own ingenui ty  -

S I ( (  In t l  st t ’I )  i t iv i  l ives t he  development of general strategies to restore the “ideal ’’ stea dy-
s t afl ’ operation quickly following a disturbance , whil e  t ry ing  to min imize  production losses at id other
cos ts .

_ _  0~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 0
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3.0 A METHOD FOR SEEKING IMPROVED SMELTER OPERATING PROCEI)URES

Att empts to improve the productivity or efficiency of a copper smelter inevitably encounter
a nu mber of practical diffi cul t ies, which effectively limit the extent of such improvements . On the
one han d , the analytical tools of the systems or industri al engineer are seldom able to cope adequately
with the effects of a lack of process and operating knowledge , incomplete and inaccurate data , process
disturbances of great variety and frequency and the sheer dimensionality of the decision making task.
On the other hand , the experience of on-the-job training permits the converter foreman to implement
evolutionary anti generally very conservative changes to operating practice which yield gradual or
increnienta] improvement s while’ maintaining an adequate level of smelter performance. In effect ,
while the converter foreman performs very cautious experiments on the actual smelter to obtain in-
cremental improvements , the systems engineer performs more daring experiments on a mathematical
representation of the smelter in attempts to determine that “optimum ” operating practice for which
smelter performance is theoretically best.

‘I’he heuristic approach of the converter foreman is limited not only by the constraints on
the scope of his experiments but also by the lack of opportunity to take a global view of the smelter
operation due to the pressures of meeting day-to-day production targets and of dealing with  his
regular administrative ’ duties . The more global analytical approach of the systems engineer is limited
h the approximations in his analysis which very often tend to invalidate the procedures he advocates.

In spite of their respective limitations , both approaches hav e their merits and it would seem
that a method which attempts to combine these approaches should produce greater benefits than
those derived from application of either method individually. The method described in this paper
constitutes one such attempt which makes use of existing analytical and mathematical tools and of
an existing interactive computer model of the smelter.

One of the original reasons for develop ing the interactive computer model of the smelter
was to provide the converter foreman with a tool for developing improved converter aisle operating
practices without the severe limits imposed on his experimentation in the plant. ‘l’his smelter mflO dOl
is essentially a speeded-up version of the actual plant which provides on-going simulation results in
an easil y understood format permitting the foreman to make decisions and to issue commands to the
model in a manner similar to actual practice. The key element permitting this interact i~ t’ operation is
a display un i t  based on a floor plan of the smelter in which colour coded indicator lights and serv o
driven crane models provide readily understood status information. In addition , converter , reverber-
atory and anode furnace reports are available on demand on the typewriter or linepr inter in a format
designed to the foreman ’s specifications. References (1) , (2) and (3) provide information concerning
the nature and app lica tion of the interactive model. While this experience has established the value of
the model for evaluating alternate smelter practices and configu rations , the number of pOssil )h alter-
natives is large and to (letermine the l)est procedure , a correspondi n gly large number of simulation
runs would be required . Based on the premise that the number of such simulation trials could possibly
be re lltl ( ’e ( l if t h e  procedures sugg( ’sted by app lication of optimization techn iqu es were USed as guide-
lines . d general approach was proposed involving the following stops:

(1 I)evelopment of a mathematical description of the’ steady slate or undis turbed smelter
behaviour.

( 2 ) Formulat ion and sohI lion of th e  matte allocation probl em to det erniine the  theor etic-  0

ally best sequelice of smelter operations.

(3) 1 )eveloprnt ’nt of practical rules for imp lementing such sequences (if decisions in prac-
it’e and evaluation of their  p r ac t i ca l i ty  by the smelter foreman using the in t erac t iv e

model,

( 1 )  If  the intera ct ive computer model tests  ind icate  the u t i l i t y  and valu e of t h e  ilroc ’t ’ciu r I ’s .
they can be tested in th e  actual  smelter w i t h  an ach ed I l l- g r e l ’  ot cont id e i l I l oii (he
hi art of the  snit ’l b r  foremen.
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4.0 FORMULATION AND NUMERICAL SOLUTION OF THE MATFE ALLOCATION PROBLEM

The general approach focuses on scheduling the converter operations via a matte allocation
procedure in order to minimize or eliminate excessive peak demands for crane service and there fore
to smooth the matte demand from the reverberatory furnaces and the supply of blister copper to the
anode furnaces . Control or decision variables used to achieve such a result include the relative time
spacing between individual converter charge cycles and the timing and grade of individual matte
additions to each converter. Figure 3 shows a typical converter charge cycle and the sequence of matte
additions, slag skims, processing or blowing periods and other events involved in converter operation.
The approach involves the following general steps:

(1) Determination of the processing rates of each converter for both wet and hot charge
matte.

(2) Matte allocations among converters giving the maximum possible overall production
rate for the smelter assuming unlimited matte supply and crane availability.

(3) Determination of blowing sequences for each converter required to process matte
allocated to it.

(4) Determination of optimum time spacing between individual converter charge cycles.

( 5) Determination of optimum timing of in-blow tasks.

These steps are now considered in more detail .

4.1 Determination of Converter Processing Rates

The processing rate for each converter I can be expressed in terms of TH ~ 
Tv i ’  the average

times in minutes to process and handle materials contained in one ladle of hot charge matte , and wet
charge matte respectively.

The following operating data is used to determine TH 1’ T~~t :

(1) Weights of a ladle and compositions of hot charge, wet charge matte. Matte is assumed
to consist of Fe, Cu, S and gangue or slag forming materials.

(2) Average times to transport matte from the hot charge and wet charge matte tunnels
to each converter and to dump them into the converter.

(3) Average times to skim slag from each converter and to transport it to the reverberatory
0 furnaces.

(4) Average times to tap copper from each converter and to transport it to the anode
furnaces or the pig bay.

(5) Average air blowing rates and efficiencies for each converter.

The following steps are involved in calculating T,4 ~ Tw for each converter :

(a) Given the matte weigh t and compositions , the quantities of FeS, Cu~ S and slag added
with hot charge and wet charge matte is determined .

(b) Assuming that each converter receives quantities of hot charge and wet charge m a t t e  in
the same ratio as their respective production rates , cak-ulate the average matte trans-
port addition time for each converter. Note that since the “optimal ” ra tios of hot 0

charge to wet charge matte as given in ‘l’ahle 3 do not correspond to the mat te  produc-
tion ratio , their calculation is based on incorrect estimates of mat te  transport t ime ,

_ _  - .~~~~ ~~0- ~~~~~~~
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However , since this time c omponent is not the most significant one anti since the
average travel time between the hot charge and wet charge matte tunnels is approxi-
mately 10 seconds, the error is insign ificant.

(c) Calculate the quantities of slag added with and resulting from the processing of hot
charge and wet charge matte.

(d) Assuming that slag is returned in equal propo rtions to each reverberatory furnace , and
using opera ting statistics on the occasions in the converter cycle when it is skimmed ,
determine the average times to skim and transport the slag produced per ladle of hot
charge and wet charge matte added to each converter.

(e) Given the blowing rates and efficiencies , calculate the total processing times in the
converter per ladle of hot charge and wet charge matte.

(f )  Calculate the time to tap and transport the blister copper produced per ladle of hot
charge and wet charge matte.

(g) Determine the total converter time required to process each ladle of hot charge and
wet charge matte and to remove and transport the slag and blister copper produced.
This calculation produces T11 ~~

, Tw ,~ 
the average time in m inu tes per ladle of hot

charge and wet charge matte processed by converter I .

Results of these calculations are shown in Table 1.

Then , for any converter I , one can calculate an approximate cycle time T1 as follows:

T, = T~- 1 N~~ + T1~ ~~~ ( 1)

where Nw ,  no. of ladles of wet charge matte in converter I
N 11 = no, of ladles of hot charge matte in converter I.

4.2 Overall Matte Allocation for Maximum Production

The nex t stage is to determine the number of ladles of hot charge matte N 11 I and wet charge
matte N~ i to be added to converter I such that the overall matte consumption is maximized, subject
to various constraints imposed by the smelter operation. In mathematical terms, the m axim ization
problem can be stated as follows:

7

Max ~ (N~ . 1  + N 111 )  ( 2 )
(N , 11 , N w , ) , 1 4 , 7 ‘ = 4

Note that the index I has been assigned the values 4 , 5, 6, 7 corresponding to the  converter numbers
used in the actual smelter (Fig. 1).

To maintain steady-state smelter operation , the charge cycles T, for all converters must be
equal. By nature of converter operation , all cycle times can be made equal to some value ‘I’ minutes
on ly by the addition of a slack or down time A T as required . Therefore , if the common cycle time
is to be ‘1’ minutes and the maximum permissible slack or down time A ‘1’ minutes, t he corresponding
mathematical expressions for these constraints are :

Tw i N v i  + T111 N 111 ~~~ T (3 )

Tw 1 N w i + ‘f 11 1 N 11 T - \ ‘I ’ (- I )

_ _  0 ~~~~~ - —~~~~ -~~~~~ ~~~--~~~~~~~~ - - ~~~~~~~~~~~~~~~ 0~~~~~~~ _

~~~~~~~~~~

0

~~~~
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Matte must be drawn from the hot charge and wet charge reverberatory furnaces in the
same ratio as their respective production rates. If the ratio of the production rate of hot charge matte
to that of wet charge matte is c , this constraint can be expressed mathematically as follows :

~ N 1 1 1  
= C ~ N w ,  (5)

1 - 4 1 -4

(‘onverter capacity constraints are expressed as follows:
+ N 1 1 1  ~ N~ (6)

An integer programming method (Ref. 5) was employed to obtain the numerical solutions
to this problem shown in Tables 2 , 3.

4.3 Processing of Matte Alloca ted to each Convert er

Ih aving calculated the numbers of ladles of wet charge and hot charge matte , N~ I ’  N 11 i re-
spectively, to be processed by converter I , and using much of the process knowledge from the first
step (Sec. 4 , 1), it is possible to determine the number of blowing periods in the converter cycles and
their start and end times relative to the starting time for the converter cycle. Other details of converter
operation are included at this stage which result in modifications to the slack times of Table 3. A
simple rule is app lied to distribute the demand for each type of matte unifo rmly over the slag stage
blows.

4.4 Determination of the Best ‘fime Spacing Between Converter Cycles

Production delays can arise when crane interference or excessive demands for crane service
occur. Effects of crane interference were included in a very approximate way in the analysis and
computation leading to the results of Tables 2 , 3. The problem of limiting the maximum demand for
cran e service is considered in this section,

Since demands for crane service are highest at end points of converter blowing periods , the
maximum demands for crane service can be minimized by proper choice of the time spacing between
starting times for each converter charge cycle. Let t ç ,  t , ,  t~ be the lengths of time between the start
of the cycle for converter 4 and those for converters 5, 6 and 7 respectively. For any given values of
t~ , t ,, and t - , crane demand 11(t) as a function ~f ti ‘ie can be determ ined l)y summing the crane
demands n 1 ( t ) ,  I = -1 , 7 for each converter,

In mathematical terms , the problem is to find the values of tc , t 1, and t-  whic h will mini-
mize the maximum demand for crane service:

mm V = max i i ( t )  —

0 ~ ~ ‘r
After experimenting with a variety of methods , the minimization was carried out using a

method of hill-climbing developed by Rosenbrock I !~ef. 6) . Only crane demands at end points of
con verter blows were included , the crane demand being calculated at two-minute interval s over the
time ‘F. At tirn ( ’ interval s where the minimized crane demand function exceeded two , addi tional slack
or delay t ime  was introduced into the converter charge cycle: the overall cycle time 1’ ex tended and
the mini m izat ion repeated . A better strategy is being considered whereby the blow schedules of
st a~~- 3 (Sec - -1 . 3)  are ad~usted to eliminate demands for more than two cranes without the extension
of the ( I ) n v i ’ r t l ’ r  cycle t ime I .

1,5 l) et er min atu on of the Best Timing of In-Blow Converter ‘l’asks 0

\ ar io us ad ( l i t I ( ImIs  and removals are made during converter 1~lowing periods where t Ill ’ 0

conve rter is turned out of the sl a i -k only long enough to  make the ad (hi t i l )n or the removal - In most
(‘8505, these operat Ions can he performed at any t ime  within a limited t ime interval , pe rmi t t ing  t l i i ’ i r

_ _ _ _ _ _ _  - - 
- - -
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execution when cranes are’ available. I’articular in-blow tasks included in this analysis were the addition
of matte during slag blows , removal of converter slag during the final slag blow , and the addition of
copper pigs for cooling ctur ing the copper stage. The same Rosenbrock algorithm was used to deter-
mine the best times for executing these in-t ) low tasks. For the particular operation considered , the
timing of 4-1 u i-blow tasks was determined . In cases where in-blow tasks could not be inserted without
exceedi ng the’ demand for crane service (i.e. where n ( t )  > 2), either slack or delay time was inserted
into the converter charge cycle , or , in the cast’ of matte additions , the addition was rescheduled for
the beginning of the blow. Obviousl y, any additions of slack time to a charge cycle invalidate the
results of step -l (Sec. -1. -i) requiring that it be repeated after the alternations have been made.

In addition to imposing the constraint that only two cranes are available, the optimization
algorithm was asked to minimize the time during which both cranes were in use. This added criterion
resulted in the execution of in-blow tasks as much as Possible during periods when both cranes were
available. As a result , for the example used in this paper , the period of time during which in-blow tasks
were being executed and both cranes were in use was reduced from 126 minutes to 78 minutes.

-1.6 Discussion of Numerical Results

The following results pertaining to actual smelter operation are presented:

(1) Processing arid m aterial handling times for each operating converter , Table 1.

(2)  Maximum smelter production capacities for converter cycle lengths of 8 to 11 hours ,
Table 2.

(3) Allocations of wet charge and hot charge matte to each converter and the converter
delay or slack ti m es for maximum smelter production with a converter cycle of 8
hours , Table 3.

(-I ) Relative time sequencing of converter charge cycles for which peak demand for crane
service is minimized , Figure 4.

(5) Typical variations in the dem and for crane service with time resulting from application
of the optimal guidelines , Figure 5.

Comparing the results of Table 2 with corresponding fi gures from actual smelter operation ,
the actual production could , in the limit , be increased by 20-25% . This is a reasonable and not unex-
pected result , reflecting the relative effects of practical operating difficulties such as breakdowns and
scheduling problems on the production potential. Referring to Table 3, converters 4 and 7 receive
much more hot charge matte than wet charge matte due to the fact that the combined proce’ssing and
handling times for hot charge matte ’ in these converters are the lowest. However , although the proces-
sing and handling times for wet charge’ matte in converters 5 and 6 are larger than for converters 4
and 7 , converters 5 and 6 receive more’ wet charge matte. This result may we’ll reflect the imposition
of the constraint on the overall ratio of wet charge to hot charge matte consumed by the converters.
Table 3 also includes the converter slack or delay times which are very smal l suggesting the “brittle-
ness” of the results , i.e . even smal l unexpected disturbances or delays can affect or invalidate the
results.

Referring to Figure 4 , for m aximum production , the charge cycles of converters 4 , 5 and 6
should start 245 , 390 and 170 minutes after that of converter 7 respectively.

Figure 5 shows the leve’ls of crane se’rvice’ demanded (luring the time interval 250-350 m m -
utes on Figure -I . Given tha t  these results concern steady-state or undisturbed smelter operation , a
number of desirable performan ce charac teristi cs are noted:

( 1) Demand for only 0114’ crane dur ing the executions of in-blow slag removals and mat Ic
aehdi t ioml s during the ’ time interv al 270 to 290 minutes.
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(2) No crane demands during the interval 320 to 335 minutes , leaving both cranes free
for a 15-minute interval to carry out other miscellaneous duties such as bumping
ladles , moving pigs from the pig bay to the pig pile, etc .

(3) Total delay or slack times of 6% involving converters 4 and 5.

The slack times of converters 4 and 5 could be eliminated by adding wet matte rather than
dry matte to those converters , thus extending their respective blowing periods by about 5 minutes,
hence delaying the demands B and H for crane service (Fig. 5). However , if such wet matte additions
were made , subsequent demands for crane service would be affected in the following undesirable
ways:

(a) Crane service for the copper blow of converter C5 (segment B, Fig. 5) would be de-
layed by 5 minutes and no cranes would then be available for the previously scheduled
skimming of converter C7 during the going high blow period (segment C, Fig. 5).

(b i Crane service needed to start Blow B2 in converter 4 (segment H , Fig. 5) would be
delayed by 5 minutes and no cranes would be available to add pigs to converter 5 and
matte to converter 6.

While the aI ’uve analysis illustrates the difficulties arising due to attempts to eliminate slack
or converter delays , it is very importan t to note that the schedule implied by the analysis is much
more rigid than that employed in practice. For example , while the analysis is based on a fixed policy
regarding the accumulation of FeS in the converter during the slag blowing periods, in practice , con-
verter operators effective ly vary this policy to cope with problems such as momentary unavailability
of cranes, etc.

These comments illustrate the challenge to be met in the next phases of this project , namely
the development of a set of operating rules for the converter foremen and operators which strike a
balance between the flexibility needed to make the rules workable and the rigidity needed to achieve
more consistent and improved smelter performance. For example, it may well he entirely unrealistic
to attempt to preschedule in-blow tasks and perhaps the only possibilities are to maintain fixed and
equal converter charge cycles , and to space the converter cycles and blowing periods to smooth out
demands for crane service. Furthermore, the previous analysis and the results shown in Table 3 illus-
trate the unrealistic “tightness” of the operation , suggesting that increased slack times must be cx-
pected in practice to accommodate in-plant process and equipment and schedule variations. 0

As mentioned previously in Section 3, the intent was to make best use of the talents and
expertise of the systems engineer and th,~ converter foreman . From the previous discussions in this
section it may only be practical to use the converter charge cycle time , the starting times for each
cycle and blowing period , and the numbers of wet to hot charge matte for each blow as derived using
the analytical methods or guidelines for smelter operation. Within these guidelines , the converter
foreman must still make all the detailed decisions in the smelter , using his experience and judg ment in
coping with random effects such as unexpected breakdowns.

Computation costs to obtain one set of solutions for one cycle time and one set of rules
for hot charge and wet charge matte grades are about $100. In practice these costs will depend on the
number of trials taken by the user at each step. This number is diffk -u lt to predict due to the inherent
interaction of the various steps in the computation. In any event , the overall procedure must he
employed with great care to minimize computing costs which can be high .

5.0 EXTENS IONS AND APPLICATIONS 
0

The material in this paper derives from work done on a smelter scheduling project tip to
September of 1975, Further steps are planned for the continuation of this project.

- - 0~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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5.1 Model Extension

The problem treated so far is restricted to four specific converters , one large one and three
smaller ones, two matte grades and two cranes. To be more useful , the method of solution will be
generalized to handle an arbitrary number of different sized converters, several matte grades and any
number of cranes.

Interaction of converter and anode furnace cycle lengths as well as reverberatory furnace
characteristics will also be considered in order to establish a smooth smelter operating mode. The
anode furnaces and casting wheels operate at present with a cycle tinie of approximately 12 hours .
Matte and slag tapping practices in the reverberatory furnaces tend to r”sult in cyclic variations in the
bath level. Therefore, it should be possible to find converter and anode cycle lengths and reverberatory
slag tapping intervals which are compatible with each other and which permit maximum smelter
production.

5.2 Smelter Design Tool

Once the above extensions have been implemented and provisions made to compute crane
service times based on arbitrary fu rnace locations and crane speeds, the method of matte allocations
and smelter scheduling could be used as a smelter design tool to help in the determ ination of good
configurations and operating practices for new smelters during their design stages. Problems of corn-
portent size, location and quantity, material grades and operating practices could be investigated. A
similar design tool , treating electric furnace melt shops but with simplified operational complexities
and no crane interference , has been developed and applied by Strobele and Corlis (Ref. 7).

5.3 Lmp lementation

A very importan t aspect requiring more work is the determination of the feasibility of
in-plant implementation of solutions found by the methods discussed in this paper.

The first step will be the application of the matte allocation schedule to the interactive
computer mc’del of the plant to determine whether it can be implemented by the foreman in terms of
simple rules and to determine its feasibility . The amount of randomness in the actual smelter due to
variations in processing rates , skim and tap times, etc., will determine how closely one can follow the
desired schedule.

The solution found for the example in this paper contains only about 3% slack time, an
amount which may not be sufficient to cope with random variations which tend to interfere with the
established schedule. Present smelter operation incorporates about 20% slack time. Future analytical
studies in conjunction with the use of the interactive computer model will attempt to establish the
maximum slack time required and its distribution over the converter cycles, which will accommodate
the random effects in the operation and still permit following the prescribed schedule.

After introducing extra slack time into the converter cycles , it may be possible to omit the
determination of the exact times for in-blow additions , since the allowed slack time may permit the
foreman to decide on the timing of these additions.

5,4 Operation Recovery

Smooth smelter operation is frequently disrupted by unforeseen delays or equipment
breakdowns. Even scheduled maintenance tends to create transients in the operation of the smelter.
h aving established a steady-state operating mode for the’ smelter , wo rk can proceed towards estab-
lishing efficient methods for restoration of this desired mode following plant upse’ts or disturbances.

- 

• 0



0~~~~ ___________

- 22 -

6.0 CONCLUSIONS

A practical procedure has been described for allocating matt€ and scheduling production
in a copper smelter, a procedure which permits human intervention in the construction of the sched-
ule. Numerical solutions for an actual plant have been included in which a feasible schedule, never
requiring more than two cranes, was produced for the case of steady-state or undisturbed operation.
Smelter production corresponding to this schedule can be interpreted as an upper limit and suggests
that if one were able to eliminate all random effects, actual production could be increased by 20 to
25% . Procedures are described for developing a practical plant schedule from the results for the ideal
undisturbed operation.
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TABLE 1

~~~ AVERAGE MATTE PROCESSING AND HANDLING TIMES FOR EACH CONVERTER

Average Processing Times
Minutes/Ladle

Converter
TH I  Dry T~~, Wet

I Size Charge Charge
Matte Matte

(41% Cu) (32% Cu)

4* 13X30 34 39
5 13X30 35 41
6* 13X30 35 40
7 14X32 32 37

* Equipped with Gaspé punchers

TABLE 2

MAXIMUM REVERBERATORY MATTE CONSUMPTION FOR A RANGE
• OF CONVERTER CYCLE TIMES

Cycle Time T Total Number of Ladles
Hours, Minutes of Matte Processed

8:00 51
8:30 54
9:00 57
9:30 60
9:55 63

10:25 66
11:00 

- 
69

TABLE 3

MATTE ALLOCATIONS TO EACH CONVERTER WITH CORRESPONDING SLACK OR
DOWN TIMES FOR A CONVERTER CYCLE TIME OF 8 HOURS

Slack or
Converter Wet Charge Dry Charge Down Times

(M m .)

-I 2 11 0.7

5 6 6 0.2
6 6 6 2.3
7 3 11 1.3 

~~~~~~~~~~~~~~~~~~~~~ 
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C U R R E N T PROJECTS

Much of the work in progress in the laboratories
of the National Aeronautical Establishment and the Division
of Mechanical Engineering includes calibrations, routine
analyses and the testing of proprietary products; in addition ,
a substantial volume of the work is devoted to applied
research or investigations carried out under contract and on
behal f of private industrial companies.

None of this work is reported in the following pages.
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ANA LYSIS LABORA TORY

•~VAILA BL I-~ FACII.ITII-: s

l im is laboratory has ana lysis and simulation facilities ava i!,ihie on an op eim —simim p bas is . I nqutrmcs are v-specially LimLo ura ged for
prOJv’Ci s that nay utili,.e the facilities in a novel and/or particularly etf eemi ve manner. Such projec t arc -mv en priority .imid J1 e
lulls supported with assistance Iroimi laboratory personnel. lime fac ilities are cspeciall~ su ited mo s~ stei n desmgn -.tud ies armd
scienti fic data processing. Informat ion is available upon request.

lQUIPMENT

- An I lectronic Associates 690 IIYIIRII) (OMP1.JTI K consist ing ot the following:
t m )  PACE R 100 digita l computer

32K
- car d reader

— high speed printer
disc
digital plotter

4 b) I w o  EA I 680 analogue computer consoles
20(1 amp lifiers including 60 integrator s

- lot) d ig ita llv set atten uator s
non-linear elements

~~~ pen recorders
- str ip char t recorders
• large screen osc illoscope

(c)  I -A l 693 interface
24 di gital-to-analogue converters
48 analogue-to-d igital converters
interrupts , sense lines, control lines

2. IicnJct t Packard Model 3960 IM  instrumentation tape recorder. I RIG standard . 4-track . I 4-inch tape. Speeds I 5 lb .
3-3~4 and 15 incItes per second.

( ;ENFRAL STUI)ll S

Studs - ot methods for obtaining a mathematical model of a t1e~ ible art iculated ti ma nm p ulator att n.

APPLICATIONS STt1DIFS

In co llaboration w ith U mu ted \j rc ra t t  of Canada Ltd .. a its brid coimmpu te r model of a i m advanced turbo ( .in engine is being put
toget her in order to investigate time e~ pec t ed pe rtor nmance o I time engine and its control system.

In collaboration with the Raj iwas I .mhorator ~ . a pilom lmvi,rid computer model of the N R( roller rig lor ra i lway vehic le testing
is being built as an aid in tile desi rm ot time roller rig and i ts  control s .

In collaboration si tb Aviation I lectric Ltd.. modeling work is underss J5 in support of their advanced control Loitcept s tot hotit
t h e  sma ll business Jet engine and time helicopter engine At  present, a validation of a detailed mrm odel of a twin s’mm gmn e hclicot’ te n
model is corn pk’tc _

In collaboration with time Control Ss st er ns and I Itimnan i-nginecring la borato r~ and ti me I iter miatio mia l Nic kel (o .. Ontario I ) i v m s m omt .
an m nter act mvc comim puter mmm dcl of a copper—nickel smncl ter is being developed to studs immaterial h andling and sLi m L d ul mm mg in t ue Pl.mnt

In collahor .m Imoim wit h K. L. Cram Ltd.. an interactive order streammng pro ram (or a print sht,r1, m i s  been developed ,mmt d i% eiilislit Is
being eva luated hs lime press co-j mrdinator s .

1m m collaboration si mmii (‘anad ian W esting liousi’ Ltd .. and ( l •  (‘rate l td. .  a stu dy is being made of tim e fuel controller rcq uim d n menm s
to t  a nets t au mmi ly ot 35.11(1(111 P gas turbines. A hybrid coniputer imtir del is being ,ms s en mm h led to be iiSLd itt the dev e lop mtmL ’nt

In co hlahoratiotm ssm t im Kendall Consultants Ltd .. and SPAR Aerospa ce i’roduc t s I td.. a im ~ t irid con tp imt em mmm od s ’I ot time re mm um i te
mtm.m ni pu Ia tor ar mm m being designed for the space situ t tIe my being asse mm ibled l ime model is to inclu de all at loss .m i~ie mitt ‘ t mo f l s  iii t i m tee

ditmiens ions as well m s ant i u1e~ ihilmty effects.

Iii co liabora tm oi m wit h t he L’ rhatt l r a m m s m t  i)eveloptmient ( orporat momr intl (;l  • ( r a t e  l t d .i model ot aim I mr t s rm tm , d m. mt s  ( ap at i t s  I m . m m m s m t
S~ shut us b em mi - developed in order to ctud~ various ss skirt , te s ~~m i s .m t t t t  resimi tm mr I t  tatiotm .m t pet t O t t l t . i i t L

lii to I lm i ’ o r _ m tm o n  w ith Northern I ekLom 11th an mmm t er , met m ve t - o nm pmmtt ’ r  p 0 - h u t  us i’etmn tie s t i o l’t - il I t’  st iuttl imi t ’ mi t t  ‘itit’rs t ’ T u
cab le ttranding li m it itmfls’s. 
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CONTROL SYSTEMS AND HU MAN ENGI NE E R I N G  LABORATORY

t~~I)L S I R I  ~I kON IKOL PROIII I MS

Induistr ia l 55 s temnms and , m -m m ct i t t u r ,u i  a i ’pt i t m t m n ms of ilLhiLiIc circuits

I lund sc m is t t r and commtr tmh conm m p t tmtcmm t rL ’ sL~~i I ch m m md t ievet tt i~m t m en t _

Imm terac tnvi - ct rmt m l t mum e r mmm ode l um m _ i t n i rhut -d to  tr pt r a t m t l m s  sc hm e du hi m m ti t la~t- s- sc,ils- umm d us t , i . i t  t t . i m m t s  and processes

i)csc lo pur ms - nt ot ( -\MM mm m st r umm mme tmt .u r  m m  or m m md ius t ru a l  c t , m m i r t t l  . rp t ’ I IL _ t i t t i m s .

I rm mn m ee r mn - smi~t port it) spt- s m i m s  t m r i m m s  or t ime m i m m l q t m n m L T m i . u l i  Ii ~ t sc i t e tmmL - s t o t  c r mt i i amid t mtc c huan j ,a t iom m .

l ILMAN l -NGINI I RING BIIIAV IOL K ~l S Fl. 1)11 S

lt m s cs r u g. u m iom m t m  time control c tm,m ract e rm smmL s 01 time im mm mrt. m u m opcr.mtor anti r ime hjs ic p ime mm onm ena mundc r l ~mg t t.ick m rtt p t r i t m r mtm a mnLe

Im m v est i gammon ot time ml , mt m mr e t m  sc imso rs mm mte r :mc t t t ’ n i  m n imui mm ai m pv r cc p iua t— m r mt mt ,r pcr t tm rm n am mc s - .

Investi gation tn t ime t .m ct , rs m r m s t s e d  mit t im e p r c s e m ut a tu omt  anti proct - ssummc tO mt m t t , r tm t a tm t n mm . l).mt t iemul a rl ~ iii relation to s m mrmm i h m t t n r  t ie sm rn

IIUM~~N INGINI-IRIN(; MII)I( ~I ~NI) St

ir m s e s t i - .mn ior m om t u e  m mr mp l e rr ie nta r mt nrr  oh hecdbac k etnm t t ro l  iii I m s m r m t or earli sm ims ss itit particular re is -rcnce It the control oh ti-rm t p ~-ratu r v-
and pressure ji m I ime spinal cord -

t (eseh nn pmne im t of heat esc iuan ee rs hot localmied cot ntm ne ot time spin.it cord.

Me_ ms ui rL - ut ue n m i n s  mv of time rm m c ch a n uL -al urtupcti,ur tce c im. ur aL t L - r is t ic s of sk in in tl t reated ss om imit is .

l)evehtip nri- mmt ot models nnf tms su me st - c o ns , o r - r I m s , .umisi ss imt nle organr isni ms.

l)cvcini pnmme mit oi s t e reo—ta- sic anti allied .m t i n . rat n m s or nem m rosu mr r-i ca t procetimures

P.~ I l l -RN RICUGN11IIEs ~Nl) 151 AGi PRO( l SNING

Im nst - s r m - _ m im ,n r m tnt  t ime I m u ut darn e mm t a i s  t i  pa t tern  R-c tngn itmt nn amid t i m e m  app lucatio n it md en t i i i c aninn m m amid c t . r s s m t m c a r m o r m  P r t n b t e n s is t im
par tm c tm ha r r c te r s -nmt ’e tn  m imi _ i -c enmimammc ~ iitem t t .mmi tt c trn p m iter a imal s sm s t n t  imu n mua mi t i mr t i it inso mtme material t r t nnrn  d e e m  it tt mtc io r.u p ti s
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E N G I N E  LABORA TORY

IIOSPI I SE A IR Ill-I)

A iut n s p u r. mt air bird desi- ned amid built hs N R( imas beeti delivered tO tim e I Ioteh l)icu I hLmspi ta l itt Kingston . Omi nario b r  clinical

L’S ahuatio uis t if tre atmm me nt of htmrmi patients , line iuuict ioim ammd perto rnnnance specifications tif tine bed 55 c rc devised m m  collaboration

ss ith ( .mt madian mntedical aim t iutnrit i&’s It) satis i (‘ammad ia n nee ds.

-‘ scL’oums i air bed ssa s urcimased in Fit -land hs lie Victoria Ilospital imi London. Onmtar io , and was adapted by NR( to m mcd

Onta r utn II~ d~ n req uirem m me nns

Severa l modifications 55 crc mutade to time NR(’ a ir bed usa result of the early testim ig experience. BuIlt beds are being used very

succes itu lly lot clinical evaluation.

( A S  FI RB INI ’  OPE RA I IONS

An im isest i gat i tmu t mf aircraft gas turbine engine operating characteristics is being conducted in conjunction witim the (‘anadian l orecs.

~ssist a mice has been given to the Canadia n I t i rces in the developmiment of -an inlet protective system for sea-borne gas turbines

t iperat ilim? in icing envi ronmm mem mts.

D1(’ III ) IAN AI-ROA( OUSTICS

A I 2- m elt diam iteter dueled han model has been tested aerodyna m ically for the purpose of ntaking perfornmance comparisons
between a stan dard 19-hladcd statt mr and a l9-bkmded stator wi ihm stepped leadimig edges. Comparative noise studies of the same

ctmni igurations in an acoustica lls treate ti test cell have recently also been comimp leted. Publication is in progress.

These e\perim mne mmts are mnmade by the I nirine Laboratory in co-operat ion with the I)ivision of Applied Physics with the intent of

exp loring special noise reducing features in ducted fan design.

I-NGINF COOLING SYSTE M PERFORMANCI-:

In colhaboraiion with Canadian industry an experimental study is being rmmade of auton motmve cooling fan perforrimance witim the

fan in its actual engine bay environmnme nt and subject to normal ramn air conditions. Time study involves both road and wind tunnel

tests at full sc.uhe under hot and cold radiator conditions. The test vels iche is typical of an intermediate size North American
passenger ear , ar.d along with considerable in’veh miche instrumentation , is being provided by the mdustry for test purposes Initial

r mad iests have been commip leted antI wind tunnel tests imave been started.

ROTOR DYNAMICS

An experimenta l rig is he imit .tm umstru etet i It) investi gate iec lmniques for im proved vibration signal diagnosis irot im rotating itmac iuinery

u n der .m va r iem~ of operating and support ctindititmns.

~ review of t he publish ed resu lts of analytical and experitu ienial rtreOigatio ns oi the dynam imie stiffness and da nt m~ming coefficients

nit a rnn to r supporteti in fluid ii lmn m hearings is hei mtg prepared.

rime tuperatin ir range oh the Iaht nrat nnr~ ‘s torsit nrma l vibrat ion iram nydumee r calibrator Imas been ex t s -midcd to mmmcci new requirements
frtnn industry - I nrsi nnn a l vibration tneasure m uments imavt’ heeti mmuade for t ime I)eparttnient iii’ National l)ei’enu’e dur ing i meld tests oh a

diese l engine insta llatiu in. Rotor vibration mmmeasure mn ments anti mmna l~ ses have been carried out inn beimalf of time I)e parti nmem it of

Pu blue V. tir ks ,inti ( in ch in I. t imv e rs tiv -

SIR (‘U SIIION 51111 ( 1 IS

Ihe I nrst C SSPA K l nnn r. mm ti . nm t h e  51 mul l cell skir t . htas hev’mm coum tp heteth A r e  pi th on t it us pro m- t o ni  has been issued , and a report on

des ci npmnent of lit is skirt ss stein is nt us in pret ur.u t mn nmt.

Sn m a li ti val  s(midi ut M V  drue m~t ri.mnt I is c inr m tnmn mi m t At ivuumiees mn the t i ue nn rs i i ,mv e het’mi unn r i n tmihatt i i . anti an t’x p c r um mt e nt . m h

pr .ner. :n u is in progr ess . inn explore tim e va h it i i ty of t hese theories a mtt l hn rosut he t i m u n n t v ’rm c ah s. uhuies to n t i c  toe t t t cm e n t s  Pro lnossti

-Sn , u s s t t i ,itt’ti slush’, iii sk irt  c lem ent s trum c t t mrr u l  sr_m b ihi iy anti resp m nm iss t i n  t t .un ts mt t m t u its t i i i i ’ .u t t t t ’s ti mir i mmm i t it ’ s .mi t i  min Imum us
p ro c t t ’ni tn t
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RESEARCH AhR CUSHION VEHICLE HEX- 4 ON POND AT UPLANDS TEST SITE . MARCH 1977 .
CARRYING OUT EXPERiMENTS ON ICE-B REAKING AND OVER- iCE VEHICLE DRAG

ENGINE LABORATO RY

DIVISION OF MECHANICAL ENGiNEERING
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Research veimicle ihl X4 is being used for drag mmieasure tnent and beisaviour studies over srmov. and ice , re lated t o  ivebreaking
prob letmms . Special instrunmientation for timis work is incorporated in det ac hm-.mble pods on t lte vehmiclv

1IVI)ROSTATIC BEARIN GS

Thu, design and nesting of a hydrostatic bearing support syste m b r  the railroad roller test rig us in prt gncss

At ROACOUSFICS

\ stud s of tine noise characteristics of centrii’ugal blots- ens is in progress. An ex isting labtlralor} Lt t i l rmtul i al halt ii.m n been ies ted to
inn e s t uc ate the relation between h o w  cimaraeteristics and noise generation and m ,n deter ummine a i n i mr pr iaic ILs t P n tn c vdures  lhte
e ffects ot certain ch anges in casing geommietry on time noise generated by a comnt riuercmal blower h ave been un mvestn ,ited

A IR BE A RING S

I xpe rimmiental and analyt ical work on air lubricated bearings and sea ls is continuing. Attent ion is being ioeuscd nn ae nostatmc
th rust hearings whit one e n u mmp liant surface.

t IYBR II) DRIVE- VEHICLE SIMULATION

An all-siigital com puter simulation of hybrid drive vehicles is being developed. A mnodel of the bladder accumulator systemm n is beurmg
prepared. Initia lly, a heat engine-hydraulic drive system will be m odeled and verified against a prototype syste m s installed in the
Fuels and Lubricants Laboratory. At present , the model c-an handle a spark ignition engine coupled to an automatic nrarms mnmissm on
in an automnobile.

4 NRC— PRAT r & WHITNEY h IGHLY LOADED TURBINE

rime test cell is in an advanced state of preparation and installation of test i~~turcs is underway. A data acquisition and reduction

55 ster n h as  been de livered -and will be used on this experiment.
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FLIGHT RESEARCH LA BORATOR Y

AIRBORNE MAGNETICS PROGRAM

Experinmental and theoretical studies relating to lime further developm ent of airborne mnmagnetom iucter equipment and its appli cam utnn
to submarine detection and geolog ical survey, are current ly in progress. The North Star flying laboratory lu-as now hwcn ret m c d  but
analysis of magnetic data taken over east west and Arctic coasts of Canada will continue for som e time to come. Studies are
continuing in very low frequency (VLI ) and other navigation metiuods to support long range geop imysical surveys. A Convair 580
aircraft to replace the North Star is cunrently being equipped wit h nets- magnetometer and computing syst citms.

INVESTIGATION OF PROBLEMS ASSOCIATED WIT II V/STOL AIRCRAFT OPERATIONS

The Laboratory ’s hel l  205Al variable stability helicopter is being employed in progranmis to investigate ierrninal area operational
problems which are most severe for or peculiar to aircraft capable of lots- approac in speeds,. Time 205 . which is capable tif mileasuring
and recording the niagmi itude of the three components of motion of the atniosphuere through whiclu it ilie ,. is emn ip loying lIds
capability in a program of terminal area wind and turbulence documentation at the Rockcliffe STOLport. In a re lated progrant
the 205 is being configured to simulate the tlight characteristics and handling qualities of a powered-hf m STOL transport aircralt .
The effects of severe turbulence and strong wind shears on the approach handling qualities and operational envelope of such an
aircraft are being evaluated by flying the sinnuhated vehicle througin naturally occurring ainmosp lieric disturbances.

INVI S I R ;  S lION OF ATMOSPIIERIC TURBUU-:NcE

A 1-33 aircraft, equipped to nieasunc wind gust velocities , air temperature , w ind speed , and other param nueters of interest in tur-
huience research, is used for nmeasuirements at very low altitude, in clear air above tire tropopause , in tIme neigh bourhood oh
tnountain wave activity, and near Storms. Records are obtained on magnetic tape to facilitate data analysis. The aircrafm also
part icipates in co’operative experiments with other research agencies , in particular , time Sunmmiier Cumnmulus lnvestigat iomm tsee beltnis) .
A sect m ud T-33 aircraft is used in a supporting role for these and otimer projects.

AIRCRAFT OPERATIONS

T ime Flight Recorder Playback Centre is engaged in the recovery and analysis of inforntation iron time vario u s il igimt data ret’ tnr dens
and cock pit voice recorders used on Canadian m ilitary and civil transport aircraft. The nmiitary systems are being monitored on a
routine bas is. Civil aircraft recorders are being replayed to investigate incidemits or accidents mit the request of time Ministry tnt
Transport. Tecimnieal assista ulce is being provided during incident and accident invest igations and re ks.u nt t  aircrait npv ’rat i inm t ;mh
problemits studied.

INI)t SI RI-S L A SSISTANCI-

\ ssms t a net ’ is ynven to  aircraft nm anu mt . m cn m u r e r s antI otite r ctn mnmpanmes retltuir ing time use oh specia lm/ e i tiug hut test equm ptt ient or
I ec in mn mq lies

INV I- STIGA lION (H SPRAY DROI’i I I RI-: I l ASI F ROM .SIR(’R-\I I

lhe,urett. i I  and ex per i mmne n n,u I st u ut iu c s t i  spras dr phet tt rmmm . mti i m mm hr om m r .i mmci i  sp c c t t  nn nta i nnn dust inav e been ennnd uicted . I
e\pe r im nm v ’ nts ut m lm,’e a Ihariart i aircraft nnm nnt iil ied It ’ carry ex ter m tal  s ;’ ras ta n ks Suui , t l n m. i t tc  tl~ m u g  s pn n i  uhrtnp let anti I’.urliclt ’ amtah ~ sis
et hmui ptnie nt is mm t t p e rat m t nm n ftnr pr nL ’essimm g sa m im p it ’s obtamm ied in time Ia hn nr .mt ’rs arid inn t ime I ieiti is varm ,nus ,ugen cmes . I Inc e ql um p nt me mn n
i r i s  p nm m e n tm a lntmes to t  mime ana ly sns tnt t itany unusum ,it c ,n nf i g m ir atmtnt is pros t ied t h a t  thmu ’ s~ t mta ~ he phm n n ig ma pi m e d ss mt t n  s umtt ic ie n n
co ntrast ,

AUTOMOICII I (‘K SSII 1)1- Il-il OR

I m ere is ii need Itnr a s e rnsm m mg t ics cc I n  .,ctm v ,it c un ito i t mnnii i le rJs senI rdt re s r r . imnt 5% s t eum is inn m m tvm p w -nr i  i , i s t i  s t l i i , n t t n  n t i s  liii e s t & ’ a l i t ’ m t s
are mm prtngru- ss It ’  deter inu imi e time .upp l m v. ibm h mt s t n t  ( P.1, tecim mm ot o m ’s t n  I h mus p r tn b ls tm

SL FM M I- R ( U M U I L S  l N S ’ I S I I ( . - s  I- ION

St tine request oh time l )cpart nmm e nt n i t  mine I ins mr mn nutu e m i t ligh t studies , i i ( m i nt nu i huus c l n n iuv i t u n n t m n . i t  n T is  n ui - I (,hmit’ iw~ and 4 )mm n .tn t n t  St em s ’

im istitute d t lur m mn g t ime .Sut mmm nner ii I ‘1’ 4 i t ns t r uu mm ms ’ntt ’d 1-3 3 ant i h tn urn t Inte r airi nat t a mlii - i bItt ,  in Is art’ Inn - t n ,  mu s c tt  io tcrn - n nn umn n c
t ime hiroperliu-s nil ( t i t t t u t huin c h t ni u n is wimi s- im ex tem iu i appres ’uah lv iinn’,t.’ ni ic i reci imt m ’ It-se t I lie mnmv - , i s mil t ’ mt mt ’ml ms . m e  bu ung mn n. m tic in n , isst ’ ss

lime heasm bih its ii inti uc mm i ’ prs’v- i p m n .m n mn nm l  set  t nre s t t urt ’ irs - i s  h!i su’t’uhing ha m -c v’ uimtt i i l t t ’ ,  I - -r m nn , ut mt n mr s l ) umnm mmi ’ I’ ) — S ,~ v . urme t% -! ‘ mini
phm~n s i t s  mt t c t rmmm n n e mnt s  ssv ’re .tmit ie ti tin time Is’. in ( ) t t e t  . , im ~ h spes n i l  

~ 
- i s  t i n t  i ’ iu r n nmim ’ smI~ t n  m t ’ nhu n ie t l,unes 55, ’ t -  .,t t .nt Itt - ni t’, ime ,th ii t In t

ssm ng n i t  the 1.33 tm i r i nt m temmc t - rese ,ire im n i l  e t ,m!  n l ime t ’t iet - t s  ni h set - mi nni e ‘i t  tht e ntis t n n s t t t i v  t iumu ’ n h  i m n u hu s t n im u , m h m u n r n m u t n u s  ch t n im t is  ss t ’m t ,

st umi hmeu h nm lIme Ys ’ I tn n sskmmm he .trea t hi irm im g time s um n nm n r ncn s m t  1 )75 am t t i l’i V~ I inn s rn - it ’, n is  ph_ u nT ie d t n  c n m m n t n t m m m t - m o m ses u i _ n i  s 

— -~~~~ --- - -~~-~~~~~~~~~~‘~~~~~~~~~~~~~~ - - - - - - - 



FUELS AND LUBRICANTS LABORATORY

COMBUSTION RI’SI-AKCII

I x peru m ment s on huel spra) evaporation.

Investigat ion tnt  hmandhimmg and com bustion problemmis involved in using hydrogen as a fuel for nmobile prime movers.

Studs tnt possible m ethods for destruction of oxides of nitrogen in engine exhaust gas.

[valuat ion of the use of mixtures of methane and carbon dioxide as automobile fuels.

Co’operative studies wit h Advisory Group for Aeros pace Research and Development (AGARD) Working Group II to produce a
report on aircraft fire safety.

EXTENSION AND DEVELOPMENT OF LABORATORY EVALUATION

Deve lopment of nets- laboratory procedures for the determination of the load carrying capacity of hypoid gear oils under high speed
conditions and under low speed high torque conditions.

Evaluation of iilter/coalescer elements hor aviation turbine fuels.

I-:valuat ion of longlife i’ilter/coalescer elements from aviation turbine huael service.

PERFORMANCE ASPECTS OF FUELS, OILS . GREASES, AND BRAKE FLUID

Investigat ion oh’ laboratory mmmetho ds for predicting h o w  properties of engine and gear oils under low temm iperature operating
en nd ml m un ns _

Co’oper at ive investigation covering test procedure for the evaluation of thermal oxidation stability of hypoid gear lubricants.

l)evelopntent of a laboratory method i’or the evaluation of oil perform ance in air-cooled two-stroke engines.

Investigation of the electrostatic charging tendency of distillate fuels.

I-va luat itmn snf static dissipator additives l’or distillate fuels.

i-s ’a l uahiv n n 01 prsmperties of re-reilned oils and by’product sludges.

l nm s e s tuga ni n nm t n t  time use of anti-icing additive in aviation gasoline.

( unmn m parat ive evatu a tmtnmn n it Camnautian and Russian railroad car journals tnils - - co-operative program wit h CPR/CNR and
Inm uper uah Oil.

MIS( FLL. S NIO US SI L I) I IS

l ire prepar-al m, nmm and c a l m !  ‘ r i m mrn g tnt m i  ra— red spectra of commm pounds related to tuels . himbrica n ts . amid a Ssn’cia nest products.

‘l ime app h m c a mms nm r n it  SI r iu s .Sins,mr ptm ssnm s1ns.ct r nnsci np~ to tine dete rm rt m nat i t nn of m mietahs in petr umleumm i prunsiucts.

h nn5u -s t m - .m t u,, nI t n t  mime stability nit  t i t c i r t s  eommmj mressed fuel gases.

Ana ly t m s -a I te shm nm q mie s h,m r . m m r.ul ’ . sis m l  ‘ nne m rls - e~ iu _ uus t em mi iss ions.

Partm s mpa m i mi mm in tine ( .mnad iamm 1 1 .~s i t t . Smrms - n m c a m m I A S I M  4 ami d Iniernational (ISO) bodies to deve htm p s t .mtmu i .mnu ts  hunt p etr m nh e um m n
pr n nti u m s - ms anti hub ni cam uhs.

l ime n t e s t , ’li ansi theve lm n pmm n e mm u t n t  iii mmm m ermm a h emm n muim ustm o n i emmg ine/ imydrauhic tra ns mmr m ssi um mi in~ brish psnwer phu mimi tn ’ r t ire sm n s mg s  cn inss - rvn n ug

h uir lim m.’r uiu ’ ss ’ In n l mtnm e rn ts  ii i s lmes - m.mhm/s ’ ul ~r cssmurc  mr um nmst iu ic e r s t in s’mng ine lm m,’a l thm diagnosis umm msh tIns ’ shevt ’hrpn m ms ’m i h nt  m t t . t 1 l tn ’ S l is  t,’s- immniu l ues
nuti s n m nstulla hit in us mhl r lit s n n t n t  itt ,iu’ t s ’i, pim p Pr, mtluichi n,n rims -h imot hs ‘‘n pa term ls ’ml t ramns d us ’ers~

I mI ni. ,  in mi nt s _ i t t ’  ‘ m is  ‘ r n ,  t i mers . I m e t s . hmm innis -an ns m m m i  hm a nt hssii rs ’ in r s s i m s u  I n i t  h hts ’ir u t  t s s t ’  mt l nnn ui  , ‘ S u l a t I  s eim us - is - I mis - I s s , ’ r n ’  mis m m m i i

s t t s t t ’ n s n , rns s r sa t unn r i  Ptnn l ns t t i t .s

_ _ _ _
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GAS DYNAMICS LABORATORY

V STOL PROPULSION SYSTEMS

-S general study of \‘/STOL propulsion system nmethmods wit h particular rei ’erence to requirenments of economy and safety.

INTERNAL AERODYNAMICS OF DUCTS. DIFFUSI-RS AND NOZZLES

An exper imimental study of the internal aerodynamm uics of ducts , bends, diffusers and nozzles with particular reference to the e ffect
of entry ilow distortion in geometries involving changes of cross-sectional area, shape, and axial direction .

SIIOCK PRODUCED PLASMA STUDIES

A gemmera i himes)retical and experimimental investigation of the production of high tenm peraturc plasm a by m eans of shock waves
gemmera ned by elect rommm agnetic and gasdynanmic nmeans, and the deve lopnment of diagnostic techniques suitable h’or a var iety of
shock geonmetries and time study of physical properties of such plasnmas.

NON-DESTRUCTIVE SURFACI FLAW DETECTION IN HOT STEEL BILLETS

Aim eddy-curren t suri ’ace ilaw detector is being deve loped , us ing a s-” eeia l coil system by w h ich a three-p hase m umodulat ed R I . signal
is being electrically rotatc ul round t Ime billet at a rate given by the m odulation hrequency. The system im displays the angular position
of time hiaw on a polar oscilloscope sweep or nurmmerically, while the signal anmphitude represents tIme depth of the liaw .

IIIG1I PRESSURE LIQUID JETS

hig h speed Wa her j ets generated by pressures in time range of 1000 to 60,000 psi can be used for cutting a wide variety oi mmm am e n iahs .
e.g. paper , humimber . plastics , nmieah , leat imer , etc., and for cleaning surfaces such as nmasonry, roc ks, tubular heal excimangers , etc.
Nozzle sizes , depending on time application, are in the range from 0.002 to 0.15 in. diammieter. A technique fsn mnianuhactumtng sitiall
ntmzz les in tine range 0.002 to 0.015 has been developed using standard sapphire j ewels availab le from induslry . Larger orifices art’
mnm anu iactu red and polished using s -mndard shop procedures.

At present , t ime following investigations are active in the laboratory:

I. Inten s ive deve lopnmenh of a rotating seal designed amid developed in the laboratory. It appears to hi-ave great potential .
espec ially for industrial che-.inumig. quarying and possibly for drilling operations.

2. I xpenimnents on time fracturing of rocks using contimmuous and cas- itating jets.

1 I- x penimmments fstr clearing ice off runways and for cutting throughm timick ice ridges.

4. I- x pe n imm ients tin time production of interm imitten u Jets wit im inigim stagnat ion pressures.

III- - S F  IR -SNSFER S’rUDll -S

hm i i hi a h dese lo pn ient of a tetnm hseratur e ct nntrumh thermnosiption for ami ehec t monic package h as  been su iccesstulI~ s- nnmic huded. Lmh e te sh imn g
s ib himis device has co nrumrmenced.

(OMEI I .-S TIONAI. FLtW DYNAMICS

I n n  c mipp im rt mime s-x peri m nmenta h tso tk , numtmeric a h s immmu lat itnns are being develumped in litres - -areas.

S nnr e ht - — pt ilse Is-Is hr tn mmm s u n i i sa h ly’ ,uv - s- s-ls ’ ta te sh hiuhumd.ij hled rotating s- th is-s . Tin s is a nss tm—d ummmemms it n na l . a~~is% mrmr n n e t n i s , uummsht ’.uui~ -

m mmc , nnmmpr t ’ssEhhs’ u nits pr mmh iennm vs mlii .m fru,e surilis’s’, w h ere t ue lmqtmid is smuimj s ’cieth iii large imnid> ,mcs -ele nat i ,nums ,

h m un n t ui~ n.u mmni s -s tn t  I.uss r’produus ’s’ui ph a s mrm .ms . Fire pimen o mm ierma ars ’ s- tm ns msls ’ nt - ni is l s ’ . tn — t hmnm n e nsm mnnah. . i \ ms y u n mnln s t tm s ’ . uit isls ’a , i%
st  nu n pit - ss mhm he lit’s’. t n rn , i m he mi ms in tsh mic iu tv -a l g us ineinaviour us cnmns is lenu - si. 1 lit ’ .ippr,maclm , w in is it miss ’. L.ingr.u ngmanm It nnmmmmil ~u I nn ‘ mm . in _ m s
hms ’s’ mi miss - t I t i n  s .uhs ’mda me htst m cases -

nt  l int t t mmi t l  th v mmam m m ucs  oh a l,uss n breakt lnnwn pI. ms mn n.m . w it im hint - mnb ies ’t ms u - n it  s’~~I m l. u mnrunm ~’ t i ms ’ ln mt ’s h n jmmmsnmu nit  ins’, t mmm n,- --e mm ums Olin t h u

- h i - m n , . ,  ‘.t lien lme, mtnn mfl le, n%ils is r s n i m m sn n h .
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(b) lime immte raetion smf a (‘0, laser beammm with mnmagnetica liy esnnh ’ined plasnmas . limit mmm ajs mr prinhkmm n us su n t e m ut i >  tmcmri ~ studiv-d
nummme n icaily as part of a co-operative effort with tIme Aerospace Resurar ehm Lahtmr-j ms iry oh tIme I ti m s s t s m m s  ni Vi , msb iu in: ‘ i i

Shuck d~ mmam m m ics and iluid dynamm mis-s resulting frsmni symmchrtsnized spark discharges on the ax is and disch arges on this ’ pef immueten m i  .1

cy lindrical vessel containing h ydrogen , to ac imieve highm gas temmmperatures sin tIme a _x is of hu e vessel

GAS’ TURBINE: BLADIN C STUDIES

A programm i tin time theoretica l and experinmental study of time perl’orniance of highly loaded gas tur bine blading im as been umidertaken
as a collaborative prs)gra mn m with industry and universities.

INDUSTRIAL PROCESS, APPARATUS, AND INSTRUMENTATION

Timere is an appreciable et tu m n u .  on a csintinuing basis, directed towards industrial assistance, This work is of an extremely varied
nature and, in general , requires the special facilities and capabilities available in the laboratory.

Curremm u cei-v mperative Iusmiects with mmianuf-,uctumrers and users include:

(a) Flow problemmis associated with industrial gas turbine exhaust systems (Foster W h eeler).
(b) Conmbustion studies for industrial gas turbine applicatitmns (Westing house and Rolls-Royce).
be) Application uif thernmosiphon as an energy cssnserving device in industrial applications (Dept. of Agricu lmure , Shm m i ms tr ~ t n t

Tramm s port and Farinon Electric).
(d) Scaled nmodeh studies on steel and copper converters to establis h relative perfor m ance and ceranmic liner deteritnratmtnn ra tes

(Canadian Liquid Air and Noranda).
be) hliglm pressure water jet applications in industry (Ilighm Pressure Systems Ltd.).
(1) Pots-er turbine nozzle vane studies (Westing house).
(g )  Scaled model studies to establish the performance i)f con mp lex industrial h ue  systems witim a view t in estabhishming s l ne c mtms

des igum and perform nancc criteria.

_ _  _ _ _ --~-~~~ —---- _ - ---~- _ -- - _~--—-- -4
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HIGH SPEED AERODYN AM ICS LABOR ATOR Y

RENEWAL OF Till - IURBULENCE DAMPING SCR EENS IN TIlE S- I - I .  5-I F. WIND ILNNI I.

In mmiore nhnami 14 years of use . durimig w h i c h  it has been operated titu s- thmamm 19(1(1(1 tu nics, t ime 5—it .  x 5—In.  h)l(ts’ . dowmn us mmmd tumnn el
has incurred failures in various ce),mmpomients , nmnta bly time tur bulemmce scres ’ n us.

Owimug t~ n time immipossibility of rep lacetm menm se ithout mimajon dismmmant h imig un i tnrimi ma o srructurc . successive remmioval s ol ruptured
turbulence da m mi~s ing screens Imave cuhmm iimmated in a s i t ua m iu m mm wh ere t u e  workimig sectmo mi bios’. ulua1it~ is smnhy mrmargimma ll y acceptable.
I-our tsf time umrigimmal scvs - m r screens have been remmioved.

ihe lull co ttmp lem mtemmt of scre s’ns vs ill be r e s u m e d iii a rebuild mf tins’ sett l imig c- hi amm m bc r hater  th is car. I mm add mt m n nm m tine sutm s mm lum itmn s it

a mInors’ bios’. restrictive second baffle imm lIme su ide angle di liuser , hor time exisl immg one. vs ill lie mnmade. Timis will result in a reduct msnn
of tine destructive t turbulence imm time iltnsS cnn te n limp tine 5 th  h u g  cimamrm her. w in ch . w it hi an mummpt ov e d miu ca m ts snl sus lmemid nip the’ I ur—
tnu iemsce shamt i~ming screcm ms should g ust aim increase itt mitt ’ usork m nng tu be lor mliv rs’ptacs’imus ’mm I scree ns . Sir ’ ummi m e a nm n mmm ip r m ns emmu c m ii
iii tes m secti omi lion qualm s is als,m ex pes-ted. lime strip and rebuild is  s’ :imedu lcs l I tin tIne s huarter J uu mme— . \m m r ust I 97 7 .

sFrrLIM; CIIASIBER STUDY IN 5-IN. x 5-IN . W INI) I CNNI- L

Rev is ions It’ hire settling c imamtnber tn t  time 5.ft. x 5.fu. ssi mmd tummm m e h ans’ under cu m i ms iderat it nim Inn mir tpnov e tims litmus dns r nibut -‘ii and i n ’

decrease time level un l pressure iluctuahionm at the entry t t n lime stilling section. Model tes ts  are be mmu p s’cnnducte d iii tIme \ -“.1 lim lunt
lac ih it s - hem determimimme time ct fect of immcr ea s imm g time rss is t i s i t )  of time secommsh porous (disked) baltic in tine wide amig le dilfuse r almead
of ti me st ilhimig s ec tm , n m m . amid tIme installati t nim snf a ‘‘tr immimnumng ’’ screenn am t ime exit n i l  t h e  ac imustic bat is ge nnnmn etry.

TWO-DIM ENSIONAL TR.-SNSI)NIC FLOW STUDIES

i t  is’merut c imuumpu ter prt ngram m ns base d tin fimmite dii ter s ’mice prs nceslurcs arc av ;m u lahls’ I tir time si esi gm t ~ni %upers- nnt us -al a m nt u m uls  and I nir tine

ammalysis of superenilical finns’.. Ihie I ,tts sulbuhi ty nn f using u nite ehci mmcmmt immethiods are I’emi m r- cxplsnred s’. him time a mm nm sib v S  t c mmdmmmg m um
m lmr ee—thim t ie nsisnmma l fltns’. sa ss ’s.

111611 Rl-YNOLI)S NUMB ER PIl’l - 1-1, 05%

l i t is ins’estig.mtitmrm is carriesl unu m at the rcquiest uif amme l in cet—tm pera nitnn vs him I is al U mm ive rsmt ~ - t ,imm v t n ec

The t bject us m um smhhain turbulent sk imm frictiunmi data at ve ry inigim Reynunids nmummnb e r I Re t~ 
up iii 2Ib x I 0’. b in arm 8—urn , pipe. 1 lus

investigatin imns t im date inclushe cahibratim in of a r. m im re e ol Pre stsmn and ra/ tnn InI. ms le sun ace pmtt m t m utmes amid nuca rn s e ht m cmt y t r a v e r s e s .

Fumr buhence and noIse mineasu e n mmennt s are ais,n hieing csnnsidcresh - -  \n ma h~ sms umf t ine I’rest ,m nn t ub e  calit i r .ui ms imt thata has beens carried s mut
and hits ’ results .igree well wi t h ss’ mmn i—emn tpir m s .iI t inetnr ~ baseeh inn lIne lungarithitimic wall last -

A uloat imm g ehemmt e r u m imalance Itas ree c mmm ly heemi supplied l’s 1 . m sa t Umm iversit y and will be mnsha hlesh for direct ‘nk ii i  t n mctun ’ m m mnmeasur e nmnemmts .

III I-ORI-TI(’ SI AN() I NItI 1(1511- N I S I  SR l)Y (IF .11- I NOISI-

I un m et inves nu, - . mt m nn n ms of m nte n ima l m i ss imm .m hun s ’ . speed jet are mit prungrs -ss Msn rs ’ uis’t a mled shudme s nit line’ m mt t en as tm u n i m umi mliv ’ t ra i ms —

nt itted sound nimb i thu s ’ Is -n Iltm’v amid sunn nm e’ st . u l ns t ie ’a h iimvv - stmg . ut i tnmi ‘I this ’ m ultip le nays ’ ss ’at te’ring iiv time ’ hurb ule mmt edm i m ’ s will lie
carr ied t’ut. St mm nm e ex l ns -ri m n ie mmt s m m mi ~ n ’ ~. i x i . i t  ts ’ns imavs ’ bee-ui per t t t r i tm e ’ uh a u t h  mn ts ’ a sumte mt t ent s nit prs’ss uure ilus’t u ia lmn nmns  mum tine tumr buls ’ mnt
shear la s  s t  h a s  beenn u m mder t . i k e mn.

3 W as-c-lik e large s~aIe ~- siuhms ’s t m .u s c ime e u m s hnt nvs - im t im be ibis - Ii.,sis chm.m r a~ hs’r istie t n t  I res ’ turhLi he m hl sins -ar t itnss s . I- or circular tel 5, mnmeas-

urem inemits nif the w~ vs de’vs ’h u nj nnu is ’ n mh t I,mv s ’ bns’cn mt nas i e t n n r  thus ’ ,u x ms s n n m m nn u - mr mc mnmnm s ie t n t  pr r.t e .m t mm , nm . ku’cennt esper im iremi ls sh t ,nss iin. in
t he let s-an also s mm pptn i I wave nl ,Ii.i . : . i lmnumm i i i  ims ’his -a h nmm m t ls ’s . S, n mmte t ier _ i t t  ni n e a sm u r enn ls ’ mi ts im a se h,s’s’it per hnnr mni ed A r e  pont ‘rn t ins
hme hicah mmiotle st i m ui s vs- as prest’nteu h ni I Ire ’ I (lIlt IC 55 ( ,mn gress iii ( )t is’. .i. 4 ) st n , hn t ’r I 9 7(m -

IhiG il RI- ‘m ’NOLI)S N L%IBI - R SL IISONR I l O ImS SI- l’ .SR S I ION

Mm dci construction anti p t t i i ms ’ e n ’ r n s i ruc tm , n mm mrs nt’s’. c n n tmm h i h s ’ls ’. I tnt ,n t tum m u a t s ’is - lam iuirc nil a s mm iu — m t mi umma hum r e p ressure htanm snium c s - n t i m ’
- t prec luded misc. t n t  ii mmct m m . mumng p mltmt pres su re’ mi thu s ’ ‘‘ t t u l m t u - _ i n r t ni t e’ ’’ ( t s ’t rreth 1 m m in e,tr hi u ’n issues m l  Q.hh .i (a im hm ral m oi n t n t  thi s h u t 1  ‘ n i l

wire pa ir is iii time ’ h ina l sl a ,- v-s usin g- li me ’ ~- mm m . ‘ c -t im. lmmmnmne ’ i.

I- \~ne ri im t s ’nts in lime S . I n 5 - i t .  lum mnt -h art - p lu it nn met i i n n  th is ’ s’ nmti tn t  \I.mi s’ii. s’ m t t e ’nuhimit unit , ’ liii’ eant s hm , m m n m l  ~1mri h. I c - i s  mitt t imu
baste h a t  ‘ t i l e ’ lur hu hemm t imn mun ml.nrs ms er 5’. ill ‘v e t  a Res nm , mhm hs mm um nn nimt ’r b In .isett t i n  u i i s la m ns ’s’ hrn n nnn t hus’ leat i mtmg s’dge) ramm ~’e’ 0! 3 I t t ’

I_ S  S I II~ ~umt h .m Sits - t n nnu um n mt me r t . mt n, s ’ iii b i t  I n ,  0 ,’). Ibis ’ st . h m .m t i i t eth 1m w t e s t s  1 mistun , - a i n m r s ’ . .m nsl ’ b _ m cmmm g st e 1 n b sti ll ‘u n l , n n n m ’  ni hunt - u’
Rev mt tmht hs n m mnmm h n , - rs  tip tin I S  ‘ I bl~ ,it ii i ml Sl u s I t  m iuiu tm hs ’ rs r n ,  lb I Inn 1 t ) • l int lm nh hn nss mmm c su nn nm mmar mis ’ s t ins ’ mnt s ’,ms mm n s mn u s m n l s n~’ bit ’

lake ’mt

I — S i i t t _mn ,t ’ mnm e ’ .m n m mmi b luust uat  mn , SI,, lit 1mnn ’vs murs ’ _

2. S I t u ,  ,imnil l lu iet u i .mt in n , ’ In n s ’ .  l i tm us  t i l t ’ Is ’ .  inc h t i m l ’ s , i tm i  55 t t t s b

_ _ _  ~. . ---.-— - - - -— - -‘
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3. Mearm pmtot pressure;
4. Skin friction (using obstacle blocks and Laval University balances);
5, Flow v isualization,

REYNOLDS NUMBER EFFECTS ON TWO.DIMFNSIONAL AEROFOILS WITH MECHANICAL 111611 LIFE DEVICES

A mmm u llm ’ccmm mm pone mmt airfoil mmm s mde h , based on a sulmercn imical airfoil, is being desiguned. Time mnmode l vs-ill be et iunppcd I,nr pressure
mumea s uremiments on all eomumpone’ mm t s and provision is alssm ummade fs mr bnm ummdar y ha) er ssakc surv s )  s in t u e  s m e i m n n n ~ of t ime air lsmil
sur face, rime mmmsmd el is Isart snf a prs mgra mnn aimimed am a detailed analysis of 2-D higum lilt flow amid time c i te d 01 Reynolds nunm mtmer tin
ihe optinmummm hap settings.

Vuu n rk orm an iterative solution of the connpressib le boundary layer f lows ahunut im u u hli-elem m m c m mt airhuuil s is commtinuimmg am mIme I mm ms c r sm t y

of Manitemba.

TESTS IN TIlE 5-FT. x S.FT SLOWDOWN TUNNEL FOR OUTSIDE OR(;AN IZAI ’ IONS

SAAB.Seania , Sweden

Static stability and lminge nmomnent nmeasuremnments were cunnducled on a 1/3(1 scale rigid aircraht mmnode i in lime tramisonie Macit
nunm ber range.

Canadair Limited , Montreal

In time n nm nns n recent tests of the CL.600 C hmallenger (fsm nnneniy Lears uar ) , aircra lt , ,u 1/25111 scale nmm um s lel vs- as nnmn mun ued ous a “tmiade ”
sti ng. titus allosving correct representation sni the rear fuselage geommmetry and testing wit h amm emmtpanna ge . In amm etbor u tu n Pniivids’
sumime infsm nmum atmesn on sting mnter h’ercnce et fects , the nuodel was designed tum al loss n n mou u mting ‘.‘.hh the s lung blade Iticated on eit h er
this’ mop or bottonm of the fuselage.

As in lime’ previous hests only force and mno mmme nl mmmeasuremmnen ns were unmade for ses c ra l  commfi gurati omms ~ni tIme us m nm g . n r.m cehh es , I’) It n n i s .
ansi ta il. Sommme ho w  visualizations were mmiade for configurations of spec ial interest.
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SF , l ASS RI- N( I  51111 ’ ( I I S N N I -  I

( tither time ~l n n m s n n r s h m i I 1  ,nf time \ Imm , msrrs  tub t r.mnmv 1 ’ t n l I, .i slu sh’, t n n im nm lmr sns- s- m i_ ivi , -al j , ’ i i  al m m m mg time St. i,awne ’ mte ’e River , ums m nt , - Im) thnauh me
ammd mt ummime n ica l illodehimug heciu mm ut i ties.

NIMi- kit - SE SISI L I - S  [ION OF RIVI-R ,SNI) I-S FL -S RY S \ S I I - M S

%I at ime iumatica i mmtode ls h ave been ds’ve lnipeuh tsn s i iumuikm te I idal prnipagal inn mm in est uanics , vs ave rcfrach ion in sinallsnvs vs ater and imt t unr a l
shr ift prtn cess es

DEVEIO P%ih ’ N 1011 SPECTRAL -SN SI YSJS I’ROGR-SMS

Fumr lmse imi line ’ :irm. i ls sis t n t vs .m st ’ rsc nnr ds arid nnnm— hi ne ammalysis unf lurtm uis ’ m , r siiiius isnmn data lmn tnduce ’ni in t ime lat us nrate mry.

5% -55 1- 1-OR CES ON OFI- -ShIORE S IRI ( I t R E S

Vi .ise flunmm s’ st uis i’n tmn t t t i~- r in mi m m e t is ’ sI ti cri teria finn niI- s l n umre m nmun u nrmmmg strushures,

RANDOM 5% SV I- ( ;I- N I R A  lION

-‘ st mi t ts  unf randmm num vs ices gemmeratesi in a l.it ntu ralsnry vs .m is ’r vs ave fluntm s’ his sig il . its f ro imm a esn m nnpu her,

MIRSNIICII I (II ANNI E STUDY

5 imy ul raum hic nmu tnde i s lmi t i s  In n deterummine h u e  l c ,~s ibiIit~ nnf deepemm ing tine navi gat ion ~- b m a mt m i e I smf 11w Miramumici hi Rise r.  N i t . W h ile’ lime
imydrau hie mnm ums ie l si mi t ts imas imee mt cs nm rmp heted , a matbienniat ical  mim tnde h is hieing umsesh 10 calculate line lrammsp o rt v’a pacmh iv’s n’ I time upstreammn
section of lime estuary , A fim mal repinrt st-ill be available in I 977.

l,O(’ K MODI-: L S1’IJDY ON SISSI 1L SI/h-I

In em i— mn hie ’ rat in i i t  st ilit tins ’ \ i . mrun ,e I)y nant u ics amnui Sh ip 1 .,h’ , ’ ra i , ’ rs a nnm u , dei south inas hsemm timns he’r la ks - ui It ’ dehermmm m ne h u e  d ied ‘‘I
sessv -I and lock uh imn nen s im n ns tin time entrance and ex i t  speeds ‘f s lnnps 1 m m lnncks umf nine Si - i .mss I t n m c e  Seas’ . is -

STA I I I I  I I  \ I ) ! - Rt ’B B LI- MOE-NI) BRI- ,SKWrS FI RS

S flu immn e st iutis I,nr time ’ lm s- 1 i _ mr tmnie mi t unf Public 55 ,, rk s 1mm ds’ts’ t nt ni im e sta b i h i t s -  emnefficiemi ls oh arm uioui r un its amid the’ c tfee l  n it a m mm unu mt me r
‘I nv .ise pairanuiele’rs inn hite s l a t imhi ls  ‘I rimbi mle mmnnnuns i Inre , ,k us a t u r s

Vi S’s i  I I) 51)5 (IN C SISSON flI’i- B R1- A KW ,S Il-kS

t lui mms ’ slu m 1’ , i nmr line’ I) s-par hm nn s ’ mmt u nf  i’tmimhm s Vi n r ks Inn uiens ’rmnnun u tins ’ ,mv s’nah h ltna ui mmtg . .is sv chi is t ime ’ iru ss iml s ’ s i mshrm hm utmsnmm si mm
saritnus ( .i iS’, i nn-n ;ie breaks’. a I ens ,

5% SS I POSS E R 55 SN I -NI  RGY SOUR( I

S - c u t s - r u  s t i t t i s  I nn  .mss n ’ss ti me ss . ise  h mt i55et  ,,s , mm l. , I i tc  atn nui m mti  I .itl; i ,i .m s c ,n ,i st :mu iui Inn s’v a im ia lc s i r  i,’it s ninn pli setl sc i mvnnn us  Iii cx i n t e r  I hums

t ’ i lu ’ t : S  - Inml u ’ r n ma lmtim m :u i v n ’~n’ m c l i i  mi nI us i. mk m n mc nh_ cu - u l n r n nnm t iu lime I m itet m n, i l i t , m i; i i  I tm e rc s  ‘sc e mn c s  nt Il l ( ‘I) .

I” 1K I 55101- Ill I ISRH OL K 5101)1- I SI ( I)~

S hm~ iit_ uiiiir mnn nm , t t ’t s t m m t s  I,’ i m m n n s I I , ’.i it ’ vs ,Iv n - ., - i i , , i m , n l n  tin I’t , t l s i i m i n u i h ,  i I i r hmit i r  mm s’~mn hs mli s i ,’li _ Unit - t ime ’ suI t tnt h ire’ lt l 7 hn Ohs nunpic
\ i i r  mum_i

%It I I IONSI ) I  l.~SR6l- I I  U S I I N G S I R I  ( I t  RI- S . WHI R l - I )  IN 511.5 1 lOW 5 5 5 1 1 - K

S m r nat i nennn ., ttc , t l .mm m th h s , i t , mmui i t  , i n n , i , Imn i ,  m m n ’ l , m m l m  ‘ .snh i his t . m , n t i , i  n ’ , u t  I,, t is .s u . I n n l m  l u s ’ hm nuu l n mu ’s , umu m i nnnt ’ h b m ,m n h s Inn  It ’ i , ,, , s i u , n , ’ i n , ’ n l s  nt -

mm m i m i n t ’  m m , , ’ I , n r s m s  nm, i r i s ’ s t ru t  l im It s m mm,n, m n et l mum sin:m iimis ’. vs i t em

L -.

- --- -~~--- - -- - - ~~~~~~~ - --~--~---



- 4 5 -

LOW SPE ED A ERODY NAMI CS LA BORATO RY

S%INI ) I t  NNI- F Oh’l -R~S I IONS -
I lie mIt re ’ .’ u mua b sm r w imts i tum im me ls nnf lIme Iabonatsmry .m e: time I 5-f l ,  dia mmnet e ’r , nipeli id , Ve ’t I ic-a l hUmunel. t Ime 6—ft. x 9-It - clnised Jet,
iuni ru innmllah t unm m e i : amms i nine 3( 1—ft. S / S  hOE tuum ne ’i. l)mm r im n,’ lime ’ u muarher . i 3 t irtn t r . mmms steve imnmiev tak emm sthuic -im included stork out

.itt~iii~i i l  l us h ., l)ellav illammth .- \ m r c r j I  t tm fCa mmada Lhsl . and the Wumnui I ll i n lsv ’ rmru n  Grunu ln m t tine I . i h n,m n . t ln m ty .

S%IN D ENC;INI- I-RING

lime s-u imm sl ruucmio n sf a 1: 1 111 1 se-a le mm lode l smf tine Olynump ic Sladiumm u is undenwa)- . h’hme aernut hs t rau lnics nnt time proposed neunmo va ble
pont ismn of lIme ’ stas hiutin rs nsni is to be shtm ehieeh . The stork is being dsune for tine’ Olynunp ic I mmsta lla t m numm ilmiard.

A huileh immg ,u rm .m l) sis umf line 1km ”. Gate Bridge has been esmm u mpheted ion Ihue- kland amid la s  I,nr Ltd . sslmmcii Predicts st res s ls ’s s ’ls In
cs mm nmpsnnemmh s nut time structu m re caused by sv ind lurbUlence. Aenodymiammuic data fremuim wind tunnel tests are immcorps nraled im m tmm mine
amma ly’s is. -S commt p hem ime mmtany prnugrann um l mnmeasune imments tu f tIme wimid properties and bridgs ’ mum ot ion imas bes’n imn itiated .

S,’t Ic \ vlmcsl shing and gaitsiping nespn m mmse ummeasune umlemnis st-end cotitimmumesh in time 3.11, X 3-ft - vs insl hum nmm el I sir I lie 5 So — I t  - hnm glm h a  re
stack lows’r at lime la  Praei e iueavy sv:u -r plant no’.’.’ uimder co uts t rrietmu mn. A I : 32 scale dynamunica lly mtt nmufl led uumodeh s sa s uises i .
lime tests vvene shumne f u r  ( .-\ NAI ( iM-%ii lG .

1- LU IDICS

Co’operative studies wi hl m l).G, Instrummn e nts of a 3-axis air velocity sensor are continuing using bot h NRC’ and immdust o deve loped
concepis. Studies oh’ vortex ex c i l at i nmum of velocity sensor probes have beeim carnieul smut in co-tnperatinnn vs nnmu I luiDynatnic I) cvmc es
LId. A program of app lications of lauiminar litmus in 11mm h m a s s m r e’s is being carried nnut in co-nn perahimmn wilim lime (‘onhrol S~ s lerrus amn ui
II u umnan F mmg ineening Labonalory of I )\h I - -

Ml’l h I()I)S

- - 5 eorrelati mmnal t lmeory b nm r Ihie preshiction ruf bunumidary layer Iraumsition imas lmeen slevi inesh ansi successfully eiemnn rnnstra ncd mit summ ume
sinnmple cases s’.- lmiei m are nif interest f ,nr tIme d esign of airfoils.

l’lme nuimme nical mnmethosh s ’,mre app licable to comrmpr essi imle Ii:: v s m miv in hv mn t , ’ neat and mimass trammsbers at lime boumimlanies.

V I -RI ICA I .  AXIS WINI) lE RII INi-

Dn mnm inimmn A lt um m minummn I- ahtiea l imtg Liii. h a s  uhel ive’ned six I 5— ft.  uh ia inte te n w imisi I umnimines t in  Nht(’ . w t m n n iii lurmu imas simipped these units
hum inhe rest ce h federal t e c m nc ies for t iehd trials , Ilmese mmn ils are nn m ’ ,s ui umpera h it m n. 1) -S I art ’ mmmnW mnmarke ning lsvt m si/v’s Ii 1 5.fh . diai nms’her
(4kW) ~un e h a 2 bt .f t . t ilam ileher th k\5 t luir bimie). 1- res- t inmu m if line 21(11 lW  sieu i mnnmm stnari inn umnit is Imrnmees ’e iing mit the %I.i g ’t i.ilsm m Ivlanuis s i t s ,

A l -RIAL SPR,SYIN (; oF l’l -STK ffli- S

S cn n-n i~m e r . i t i sv ’ hm ro g ra imn hme’tweemi N S i amm n h lime FIm l’ .t- m s m t )  ii Nt- us lt rm mm m s us is’k. In dets ’ n rnmimme tine shrop ls’h si/c d islrm bui t mu mmm umb stamnt l ar ih
nun n / / i s’ din mm tigtmr a I imitls . hias im s ’s i t  cnmm m m h uie ’ le’d, lime s’s pe’rim ntem i liii nmm u - t im - ni l  u n  ‘ mm sus i  ‘ h n i l  pitunI t igr-.ipiming ti rnnp is’I 5 imu I Ins’ 5(1— to 2 Sh b— n u mme r tmm m
ram i, ’s’ uus i nn ~ a narrunw mh e ’h m bi n ni t  I tuc u is . .unii a Idy ll mrm m e ’u ism ls Il_ m s iu.  S r i  s Iu ~ tI nge t t c l c t  Inn I ‘ .sas als im placed iii lIme s i n u s  mis l u r I d  uu m nm
s’. is 1mm s’,n um nh lime imunm t bs ’t u mf  uhrnnjilc ’ l ’ , in .u ,, msu ’nt sm/c n . u n m - v  I Ins s n~ ‘ ‘ mu ,  I s i . u , t ’ iii line ’ exps-run m n s ’ mm h hums  imeemm co mn mp le’ls’ ui 5’. m u m nmit ’ a snm re—
tuie ’nils nil driil’Ie’l ‘ I m n u s s u n n u n s  t r u th .u ‘m l Ill, ‘ um _ i t l  rm nba rs ,u im n u n nm/ u -r I’, urn - inn_uni t ’ . I nur l ime r n Intl humnniei Is’s hmimii s’. ill cmnmtl imttme ’ t im urm n m , ’  Ibis
lat le’r l m i r t  n i t  I t)77

-S nv’’.’. s h I m s  h, n m m m nm tls ’su, - mn Ir is m i e n  is ’s ln,I urn s ,’ - ’ ’ i’ ’ nO un s sn lh u S ‘ ‘ l u m u l  S st .uiui ’ uu I S b i i ’ n ’ t s l mrm i . 11 ( 1. l int ’ , i , i uu ln , ’ u i r _ u lu t ’ n i  ssm ll im uve
si, n u n i uc , in i t b i , In’s’ m e ’ r n m t i )  m m. iumi m ’ . uir. u , - hin. m n t lime pIn sCult m m t s l . ui i i b  m u ’ nm us lu , lu us uu seu h ‘ ml  b Its ’ 1)5 —4 , 11 min t - n u l l  m mm i us e. \ h m s ’dl e’ uh 1mm s _ us s’ Sn’s y r _ i l
itii rmt lre ’uh l n i l s y i,n s S n l .  h is’ s ir , i )  s- n u m i s s , ’ m u  t r n n i tn  hits’ te st , i u u u m , i n . u i i - ’ m u  us s umn ue -I n nIs i t -m m, , - s—n. ih i i , i tu ’ti urn i lui t i t

I I is , n r y m n t , u h  amith e’’n imv’ r m nnm s ’ m ut . u l shmimhm ti s .iru ’ , , n n n l u n u , u m r , - - n n mi t i m  , ? t , , i ’ , n u b  thin ’ 5 , il ic i, ss _ n k s ’ mmmii n n t lnu ’n I_ i t  1 , 1 5  ‘ mm lInt sss a hi n s ’ . mt ht i n ‘i
s i ’ r us  he’ ll In5 mi k’s’. Its m m m i - . t u r s t a i t .  
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LOW TEMPERATURE LABORATORY

RA ILW- x Y Cl IMATIC PROBLEMS

tinder the auspices ol time NRC Assemcia le (‘e , mmmm m nitte e tin Ra ilwas I’noimlenms , Sub4’ommmm mu ithee 0mm (‘himatic Prohlenms , a vanie ns um l
anals tidal and experimental stork is e- unnduc besh on a cont inuing basis,

TIIERMAL PROTECTION OF t RACK SWITCIIFS

The use of heal to elimm uinate 5st itctu failures tro u t sn mt ,ss anti ice is a st an d ard approachi It) liii’. problem, W unr k imas been carried out
on im proving t lme elf iciency nil horced et mnvedli nnm m c i i  rrmhust ion heaters and time mrme ans of distributing heat to line critica l areas ol a
switch.

IIORIZONTAL AIR CL ’RTAI N SWITCH PROTI-ICTOR

5 non-thermal method of protecting a sw-itch Ironm lailure due Inn snosv has been underguming devehoprunent and evaluation, Timis
method consists of imigh velocity horizontal air curtains designed to prevent the deposit of snow in critical areas of a switch, Time
tests commducte d to date are especiaily encouraging wit h respech ten yards and henirminals , Additional evaluation is required for time
line service application.

NEW RAILWAY SWITCH DEVELOPMENT

The ultimate solutIon to the existing probleurm of snow- and ice h ’ailure of lIne point sn-itch would appear to be neplacemiment by a new
design that is not subject to failure in this way. A switch has been designed, fabricated , laboratory tested and h as  non commm pleted
one winter season of h eld trials. The design involve’s only shear loading from snow and ice.

LOCOMOTIVE SANDING EQUIPMENT

An investigat ion m b  time various possible mnodes of failure nnf a iocommmotive sanding syslent resulting frt m mmm Ismw temperature Ilas been
undertaken. In addition to the expected failures res ul nmng frnnmm m nnoisture freezing in var ious parts of lIme pneummmat me enluiplnent , Inn’ 

- 

-

ot her mmmodes of failure are being investigated lurther.

IIFLI(’OPTFR DE-ICINC

-5 stu dy oi imelieo 1fler ic ing proheeti oum involving the evaluation of various sv ste mmis (hhetnmah , Iluid, and se lf—sh edding minaterials ) ansi
t he developmeni v uf dc-icing control sy s te m s inc l mmsh m n n - ice de nectons. TIne principles for a dynamiiie ice deheelor wit h h igh sensitiv it)
In) he used on hehicn pme ’rs are being investigated , Investigati sm n of u m nehiu t mu is u b  esta hilishming a rate function svihim tine ds umaunmic icing
detection principle’ is being conducted.

MISCELLANEO US ICING INVESTIG S FIONS

Analytical antI experimental investigatis mns sub mm nnmn’rnmu lins ’ Itatt irs ’. and time itnve s l inim t innnm mm f certa in aspects unf icing sim mtulation autd
mitcasuremen l.

TRA SS I I -R  l(’ING

In en m lla ho ratm o mi wit h De’partnment umf ltans psmrt , .ini in ’ ,cs m m u m  m , n m n ,mI lIne ’ ic imm y n n l f isiming lraw hs ’ts mmmd nn ti ne ’ r vesse ls um mmd s ’r eu,nnhihiunns

~nm Irce’/ inir semi s p rz ms , inc h mu mume hin unu is of e’u mmnm h .u lhi un - Ibis ’ ptm ihlt ’ m t u,

-SIR ( LISIIION VI - IIICLI FNVIRONMIN I -S I .  PROBI I-MS

-S slunis has been started omm lime dcpositiurn ,mf snm m nw- ummi s t- ct m m ’ .  reprs’senl ins ’ pm ms sn b m lt’ t ruck s  hunt ,~m inmhu ’ni S( V ’ s Snnms ’ . . m nnnh is’s’
uhepmm s its arc’ hieing um n ’ .’a~um re d and res - m urn lr - ti ui nmr inr ’ e’aeim stuui he r s i ,n r n nn ,

S stmmd y iii sflmm w rem umn ’ v ~ l his uncm mnm ’ . d m 1  un mm n . u I  nnu ehh m, nuis is being mmmmn b n - t t ,u ke n lmm ~ I ntu it spend n m . , nn s m t ss s le nm ls . 
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AIRBORNE SNOW CONCENTRATION

To provide statistical data on the airborne mass conc entration of fal ling snow in order to detine suitable design and qua hi l icatmon
cr iteria for Ilighh throug h snow’ , measurements o f co ncentration and related meteorological param eters are being made.

SEA ICE DYNAMICS

Analytical and experim enta l work on the tech umiques of forming low-strength ice l’nom n sahine solutiomms is being carried out in
connection wi th proposed modeling studies of icebreaking ships and arctic port facilities.
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MA R I N E  DYNAMIC S AND SHIP LABOR ATO R Y

IIIG1I SPI- I-: D (‘RAFT

Several tumodel s in a s y s lemmna l ic series have been st th hied ammd ot h ers are being prepared to elelernnine th em penfonmmmance in still s t a ten
ans i in st aves.

V St IlTS

-‘s progra~mm snf sailing yaciut ummodel studies is underway usimmg es~uipmmment and tedlmniques developed in lime lahsnra lemry.

BUL K C A R R I E R

-‘m mits isle h of mu tIny cargo vessel vs-as conrutruetesh in lime laboratory mind a careful inves l iga h is mn nmade to hetermumine time feasibility nil its
umiiqtie shes igmi . 5  ne’.v how . fesr additional study, is 10 be mmm -anufactune d and tilted emn time mimusdel.

FOI L PROGRA M

Aim e~ I’e nintmen I progranum is to he conducte d cnn a m odel of a imys irni foil mimain foil, feur wimichi program nm a special dyna inmomtmeter h a s
beem m buill bs time labsuna horS .

I I Y  I )ROI OIL DESIGN SE R I E S

S se- ru e ’s of h is-c lnvslrofoil m odels is tieing cesns ideresh am ish Is’.u) imave beemm lmuihi funr imuvesh igatiomi of mlrein m ull lift amid drag. funil lift
-- : ,m t lr ,ir ’ se. ukeepm umg .

Bl - IIA S ’ IO L R  OF St ill’S IN LOCKS

fimree’—ra ui ii’ csn m mtrs mll eeh Grea I Lakes emmrgo vesse l unmos lels s’. ih It vary imig lengtin beani r,uh inms h um u s e been built mum blue labm urat tins - 5 51 um ni S
of t b m e’ir hmehmasiu mur is being cann ed out in a Seaway lemek model imm cum—op e’nat im uu m wi h im time h ydraulic’s Laimora lors- , I mm ’. e’stmgatmon us
heiimg t rtas h e’ tuf line imsdr smdy namimic fturces acting on lime vessels thuiring apprtnac ii anti passage I inrougim lime ltms’ks ss mh In mm v ies ’ . I sn reee mu um—
mnn e ’nnh ing nmi,ushifiea lions 1cm tine exisming hock structures. Full’sczmle miiemm Sumremm )ents are’ to he mmnat ie nut hsnaruh a sh ip imm lime ’ ume’an Isil line.

131. 113 NO// l l -

-S nimimsiel ut mm bu lb nozzle imas been built in tIne iaboralnmry anm sh t t s  ef ieetivemmess . immd epemmde imt s if lime slump ’s m ull, is beimig mmmm m m ly ienh ,

V -I’ 555 SYS II Si

-S nuio dcl. e’qu ipps’sh 5’. mlii -a \‘.Pjss 55 st emnu , is heinme mn mmmm ui ’ae’h uureu l in time laborzmtt rv for evmmlsia I iou t nt  ml s periorttn:u mmcc ,

I)RII I 5111 1’

- sm nm g .n thri ll ch ip munu’she’ i . m m sIum t t ~ bias bee’nm m nma e he in tIme habtutahu m ny s if time hmys l rs m dvtm annm ue ’ as lme’c ls nmf tIne pn mm hmls .mm m of smpe’ r m u nm umg t ime ’
sinip it i s (n t n ts ’ - I .ist ice hs- keepim mur un ares m mm r nmu m ms i hIts ’ sh up iee’ ’ l ree using hits ’ vs -asIc Ite m I frummin lime ’ ti nm lh mum g cmigtmies.

lime Iits ’ rmnmmnt l m, rm ,u n um ie - .ms pects ~if tine Im n nm imls ’ nmn In a se .i h s t n hc’emi iml v es t i ”.uie ut , misimig otis’ %ee ’Int nmi n il Ill s’ sitm I m , mit t hus ’ ice’ nit lime ’ lmmhmnnnm i ttmm ~ -s
nm u tth um nmr mmm mm n i meu mv n im ig hmisi mm,

1 ) 1 5 1 1  () I ’ %I I NI Oh’ S\ N  1111 - lIt ICE

I in ’ iSis i ’ 51 m m d  me -s ire lmc’inu~ s m mr n ied m mmi I. cmi ’ I hue plnv sie’aI cllanmudlt ’n isl is’s~ ,-uiith procethures , n I  nnu ,uns m I ,ms’l mint ’ t n t  s ’ . m m t in  t i e  m e t ’ lint slump
mum umsl e l s-x ;‘e’ n tnnms ’ui Is ,

_ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _
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BOW AND STERN VIEWS OF SHIP ENTERING MODEL LOCKS

MARiN E DYNAMICS AND SHIP LABORATORY

DIVISION OF MECHANICAL ENGINEERING
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RA ILWAY LABORATORY

R A I L W A Y  STU DIES

In cnnnjuncticu n wit h (‘P Rail, tesl vs-cr c cann ieuh out tim ascertain tuie dnenp in pressure in time brake line due hun leakage at Iii’.’. temmmpera ’
lures ,

lv’ ., , expcn immm e nlal axles wi t h  spin cnuntnolled gee mmimet nic properties imav e been iiuam iuhmic hured and n-ill lie leslesh under a I (SI -In tl grain
car at the Uplands test centre in lime near future ,

Time dy namn mvm mmie ler car supp lied bs CP Rail finn u se  us a lult ibile instrummmen u can hi-as been nm mdiiied. Tine pocket to contaIn lime coup ler
and niraft ge m ur is being mnmnmdi hm ed.

The Laboratory bIas prsmvided assistance ho tIme Canadiamu d ,ove rm mm rie nt in the assessuinent of time penformuuance sul passenger trains mit

imigh speed. Tests carried out 1)5 tile Ammmen ican Rairumad Passengen (‘tm nponat ion (AMTRAK) on several ve h icle’s n-crc subserved and
reporled.

-S transducer ho nmeasure surlace nmovenmenl of n-heel over rail is being developed,

RAILWAY DYNAMICS BUILDING (U-89)

Level parallel support beams h ave been laid in time hioor of the nesv building. ‘lime concrete floor inas been poured ars mummeh t lneu nm,
-Sn acoust ically insulated control roolmi has been erected ion viewing and controlling tests on the vibration and ruuhlen rug s and Ion

ccmlleet ing test results ,

The vibration stands hi-ave been designed and Ihe imy draulic poster supp ly purch ased for lime building. l)ehivery of the adtuateuns s’.ill
he csunipleted shortly. Design of the rail structure to support veh icles in time building imas been eonsmplehed.

Rum o mr is ansi serv ices imave been reeted to house the electric power plant to tim e roller ansi vibration rigs. Tlmms comnmp lex includes a
4 smiiall workshop.

[)ynammmon selers are hieing connected to a pair of roller rig electric motors 1cm aid in the deve lopmmm e nt of their controls -S hnyhnmd
comnipuler unmodel Imas been developed in conjunction wills the Analysis Laboralory.

hhar dnare fnnn the nn nller rig ms being deve loped and made by time Manufacturing rec lmnology Centre, A desng n for tine p~ smtm on
controls has been cm mnni eu i out nm t he Railway Lahoratsiry.

GENERAL INSTRUM I- NISI ION

flue labturato r) k e,n~ i~- .’ ra r mn g w it h time ‘s h mmrnne Dynamim ics and Ship Laboralory in the devclopmenh of lime n n um d r tn . prnmc dssi n r c,mmm-
trs il led ship imnolion analyzer.

511 ( I I  SNI( SI ,SIDS 1’() TIlE IIANDI(’APPFD

‘ s k e Ih m ,,,m k pair e turner has been s levehtuped . mm Canadian umman umfactur er h as  nnashe himnee amid s’.mhl mimake lent m nm nune , I s . m huu. u lu , ’ n l us

- ‘lil uln iumtn g at nv’ . ,n ins l ihmlhium ns ,

N4) N4ON 1 s( TIN( ; I FVI- L

I )ese lnn~m m mms ’n n n i J nm m n— e’mmn I-acting se’ rvn m gauge using Slepping mimohor drive Ion I he m nnea s ui neunme m it ‘‘I umehal Is -sc  I’ nut Ins uir,u Ulis Ii, i n l e t s

/
MI-t)I( -SI 511 )5 I t )  St K GI- RY

( nnnlinmieul technica l supptnrt to two  Itmeal hmt ispitals in lime use ,it prn nlnnts - pe anti c unn mmn er e’ma l ve ssel suutu i ’u tu ~ mn s mr u m n m ne ’nihs t n t  tmmn ne.u I
snur ls ’ t s  and t n m il nv ’u r I)e’partnuents oh Ex perimental S m ur g s ’r y mn u nr mi. unn Irami sp lant Pr~ t uu i i i r e ’~ . m l l t T n , m - s u ’ut , ’ i us ‘uiO’ t I s  - t ’ i t  -

S nest - t , ’rnl l ml miruvun ,-  meeiman isn m u lss iced t u m give reshueeui muctu m m l ing t , i rs - s v  umn h b ue I_ u rg e r sm/s _ s ni l  y u ’ ssc j  sul t i m lmtnt ’  u n n s n r um n l n , - mn is  h i s
pru mse n e lI v-ch ive - in c’x pcrim t me’ nh mml sun rgens -

- ‘t ’.sm st ,m mn s y ’ inn ( ,nnb ru nl 55 st e - On s antI I In umiman I nm~- unc ’s r init ’  I s m hm n n rm u h ,m rs  fl lime - nnn .m nmu u t , ushu i rumi u m l  s’ i u s t t u m n hs’ ’, In ’  nlI l 1i l,~v, lIne ’ i,- t , -~ ,l i l m ~
‘I d t n u I  rn ‘s ptt m n n~’t,u n,n s
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BL DG. U.89 — LOOKING EAST DURiNG POURING OF CONCRETE FOR MACH INEF Y F LOOR

RAILWAY LABORATORY

DIVISION OF MECHANICAL ENGINEERING



STRUCTURES AND MATERIALS LABORATORY

f FATIGUE OF METALS

I Studies of the basic fatigue characteristics of materials under constant and variable amplitude loading; fatigue tests on components
to obtain basic design data; fatigue tests on components for validation of design; studies of hhe statistics of fatigue failures;
development of techniques to simulate service fatigue loading.

RESPONSE OF STRUCTURES TO HIGH INTENSITY NOISE

- -: Study of excitation and structure response mechanisms; study of panel damping characteristics and critical response modes;
investigation of fatigue damage laws; industrial hardware evaluation; investigation of jet exhaust noise.

OPERATIONAL LOADS AND LIFE OF AIRCRAFT STRUCTURES

Instrumentation of aircraft for time measurement of flight loads and accelerations; fatigue life monitoring anJ analysis of load and
acce leration spectra; full-scale fatigue spectrum testing of airframes and components,

ELECTRON FRACTOGRAPIJY

Qualitative determination of fracture mechanisms in service failures; fractographmc studies of fatigue crack propagation rates
and modes.

METALLIC MATERIALS

Structure-property relationships in cast and wrought nickel-base superalloys. Studies of the consolidation and TMT processing of
superalloy powders and compacts by hot isostatic pressing, hot extrusion and upset forging; studies on mechanical properties.
Mechanics of cold isostatic compaction of metal powders, properties of hydrostat ically extruded solids and compacts, extru ded
at pressures up to 1600 MN/rn2 . Studies of the oxidation/hot corrosion behaviour of coated and uncoated refractory metals and
superalloys.

MECHANICS AND THEORY OF STRUCTURES

Stresses in multi-cell caissons for marine structures, Stress concentrations at corners of box structures. Behaviour of plates under
high-speed impact , with reference to bird resistance of aircraft windshields.

FLIGHT IMPACT SIMULATOR

Simulator developed and calibrated to capability of accelerating a 4-lb. mass to velocity of 1000 ft ./sec. and an 8-lb. mass to
velocity of 760 ft./sec.; operation on year.round basis achieved and includes use of temperature controlled enclosure from —40° to

+ 13001:; in addition to airworthiness certification program includes assessmen t emf resistance to impact for materials and structural
design for most types of viewing transparencies.

CALIB RATION OF FORCF AND VIBRATION MEASURING DEVICES

F acilities available fnmt the calibration of government , university, and industrial equipment include deadweight force standards up
to 100,000 lb., dynamic calibration tmf vibration pick-ups in the freque’ncy range 10 h i  to 2000 Hz.

(‘OMPOSITE MATERIALS

Studies nil composites including resin’..crtisshinking compounds, polymerization initiators, selection of matrices and reinforcements .
.mpp l~catimmmi and fabrication procedures , material properties , and structural design.

FINITE I- I. F M I-Ni METh o DS

I)es’clumpment and application m it iinite clemiment methods tnt struct u ral prumblems . lk’velopmenh u I  refined e’Icments st - mth curved

c’uhge’s Deve’Immpment of methods for non-linear problems.

_ _ _ _ _ _
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MOTOR VI-I I ICLI - S -S I- I -  IV

- Ilue m mmathm e mmmati c ah mumodel tif lime redirect issn umfa vehicle bs a cattle harrier has been validated v’v hmc ’ rm ,nuen ummhl) mind c t t umr t  us nuts’, hntmn, .
ctmncentrm u med uun time deve lempummen l nut mm lacilihy ftmr time dynammmic mumeasuretm ien l t n t  t bme inertial prumpent ies m u  aum em mum u m l mm lv -s liii suspending

- h hmemmm curt miir bearings. I- ngineering charts fnmr t u e  design nuf fl esml m lc runac i barriers are hieing prepared .

- In cemllabnmnation wit im Ministry umf Transport , Road mind Sls mtc nr S’ e hm ict e Iraf l ’ic Salely liranchu , studies t cm de lermm umm ne tine penf umn mutance
emf h eadligh t s  in tine sirisc’r passing (musk arc hc’ing carri ed n m m mn - W, irk is c’nunl inuing sm ut a ss sI s ’mmu I ur s tuds  unit t i r u s s r  1ms t I ,m , nu u . umucu - mind
traff ic uhUahity ti~ time analys is ol’au luuuum at iealhy recsmrdcul ve imiche cnmntr unh input and resptmnse ciala,

POLICE EQUIPMENT STANDARDS

The NRCJCA(’P ‘I’cc Iimmical Liaistmn Csu mm mm m n ittec inn Pnnlice Fquip~mmen I is a bilateral am nange m nuent fsmr bnimmg ing tnmge m i m c ’r police ,unm t h
governnment personnel tun reviess’ police equ mipumnent res humre umme nts , equi~tmm me n l tmertor muma ~ cc stncc -il’ic’almons , and e-,n um hnm r unn. umm ss ’ tc sl unu :
pncmc -edures. \S, m rk of tIme Cs nnnmmnit lee is expedited Ins mu luernmanemm l Secretmu riam w h i c h  im mis mm ~mn innmary respnnmm s ihil itv I nun  c’cunt mnuit~ m u

lime mmc uivi mies ol mm miunmihen tn t  Sec tunins , cac im dealing wit h a particular area of v- \ pe r nis e . and h nu n cc m-eur si immating s’.-ennk and st n ccm . utu sl
csuntnit iut iumns fnumm m m various pmmnhic ipating I)cpar m mu m ent s and nurgammi iat iomms.

I

I
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UNSTEADY AERODYNAMICS LABORATORY

I)YNAM IC STAB ILI ’ I Y OF A IRCR AF’i

I)evelnnpmmnenl of new mec imniques h u n t  dynaummic stability experiments.

I)eterum uinaticnn unf cremss-denivat ivcs tu rm aim aircraft-like contiguration at hig h ang les of attack.

I sp lv nnau n nr s m m measuremmmemmts nut vertical acceleration derivatives.

I)eve lnmpmnnent of an elec tnsm - mmm eclua nieal calibrator hor the existing dynammmi c cross-derivative apparatus.

ATMOSPIII-RI( l)ISIR IBUI’ ION 01: POLLUTANTS

Ana lysis nil tIme deuwnwind vertical spread of gaseous and aerosol pollutants frommm scmurees near the ground, with special enmplmasis
tin t he effect of atmmmosp heric stability.

lnstrumum cum ualion suf a small nmohile laboratory to measure airborne particulates and of an aircraft to detect atmmmosphe nic tracers ,

( se  nuf time above detection systemmm to measure tine vertical spread of a pollutant in a polar atmmmosp here during t h e  AES pilot study
t mf pum lar mmmcteoro ltmgy on Lake Sinmeoe,

1K-WI -  VAPOUR DETECTION

l)eve lopmmmcnt unf huighily sensitive gas chronmatognaphic techniques for detection of trace quantities of vapours of pesticides ,
ex plosives mmnd hluonocarbons.

Sensitivity evaluation of conmnmercially available explosive detectors.

A irh mrnc antI grcmund-vehicle based mumeasuretmment s of time spread and distribution of various aerosols and tracer gases.

I)eve ltn hmmmm ent of lu’c hniques for conditin ning and testing of biosensors.

WORK FOR OUTSIDE ORGANIZATIONS

I)ynamnm ie miicmnme nt mmmeasurcmmm c nts and flow visuahiation studies for NASA , using wind tunnel facililies al NAF- anti at NASA Ames.

1-easihility and design stut lies 1 m m NASA.

#Sircrah ’t-securi hy t’casihilily studies for Transport Canada.

Scient il’ie assistanc e’ t i n  interdepartmental Explosives Detector Evaluation Programum , Montreal.

~

- -- -
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TWO-PART FIXTURE
5-TOOL CHANGES

MACHINING CYCLE TIME: 7 MIN.

~t~iT -~~:
‘
~~~~~~

MUL TI-PART FIXTURE
5.TOOL CHANGES

MACHINING CYCLE TIME: 22MIN ,
- t T IME SAVEDPER PART: 45 SEC.

WESTERN LABORATORY (VANCOUVER )
DIVISION OF MECHANICAL ENGINEERING 

- - - - - — - -- - -  -
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WESTERN LABORATORY (VANCOUVER)

PRAcTI(’AL FRICTION AND WEAR STUDIES

Laboratunn~ simulations of practical sliding contact and bearing conditions to obtain the friction and wear ch,uacteristics of
lubricants and nmaterials. Recent projects undertaken in response to specific external requests have included:

Measurenment of the friction and wear behaviour of a glass hibre reinforced plastic (PTFE) material and assessment of its
suitability for hearing pads nun Imydroelectric dam diversion gates.

Investigatmeun of se i,eures in mumarine hydraulic steering gear components at low ambient temperatures.

In addition extensive nmodificati umns 1cm tIme thrust washer test rig have been carried out to permit operation up to about 900°C.

FUNDAMENTAl, STUDIES ~N TRIBOLOGY

(‘uintmnuing investigatIons unf Irie’t ion and wear processes in general including initiation of studies of friction and wear in some
nuun-nmeta lJje uum a mcrial s.

LL BRIC -tNT -SN A l Y SIS

Ana lysis m u used marine mills t t u assess their degree umf deterioration as an aid to the prevention of engine failures,

PKA( flO At SI 11)11’ S OH- BE -SK IN(;S -S”niD S EALS

i)esigm n nit j tunm ic -hine inn lesu tim’,’ u l t ec -t mvcnes ,, nil time lubr icatm umn system cmf Icmconmotive traction rumotor support (journal) bearings
at ln n w mc m mm h me r alu tes .

1St -s ign and cons mructi cun ni l  ,i St a t i c  num undel iii a sane in a ship ’S h~ drmmumIi c steer immg gear tcu assess the d ied of changes in seal
ussatenats anti design mm leakage,

INSTRUMENTATION STUDIES

Continued development (mf a phimloclec - uric aultmmjtic Inuis passenge m cumunt ing ss steni . in pm m rttc ’ular lime utilization cit a distributed
lig ht source.

The numerical control (NC) editor program. NCI- DIT, i Report I rK.IN-3t)O) has been nmodmlied and expanded. Testing has been
completed and the new version is nuns’. in use in the Western Lahoratuin s -

-S memory protect tunction has been conslrudl’ ,’d and admiet i to time Western Lahuurator~ mini-comnpulet s)s t e ’ mmm and a senmi-c’umnductor
memunry e xpans iumn h-as been designed and built, An addit munnal interface between this mmt e mmm m nry and a micro-processor is nniw under
tCSl

ln sm rui mmm c nta tmn mn has been devehuspt’d iou the’ l ) m e ms u nnm m nil htuiitiing Researc -In lor lime ’ autonmat ic tape tee- nur ding of velocity and pressure
ni .u’.urem,ments in Snu mw ,uv milanc - hes in tht’ Rumu ’ n ’rs Puss rme,ur the l rmm un ~4 ’anada ilighway. ‘this equipment h-as been in use over the
past Wint er t mtu nn t h us .

N( MI KIt A I l~ O l IN  IROI I l- I )  t i -Wh ININ G

It- c l unm ej l  ,I’.slsljnc’,’ tin m hu m s suilml’ ,’e h us hem 1’ ~m runv m d e ’ d t i n  t irumm s and umt her mnsthtmilinm ns in Wes lern(’anada w hicim are cumnsiutering the
pure’hasn m m t  nn mtu tt ’ n u , .uIIs n nmn mr ,, lIt ’ti m nm , mc hmnc’ s ti m immlpnmve their productitmn e’fIiciency. Senminars are held Inn explain ihe fundamentals
n ut nu uum cru ~ ml e m mf l t rm m l -anti prm mg r. iuuumm ti ne and the lahtmratory ’s Ihree-ax is NC milling nmachine is used to mumachi ne demimonstra lion batch
qua nmu lites iuh typica l ci m rmmp mm nu -n is t n m r  inte rested e- ummnpan ies.

h i t - Prt-~ed mutt ’ ihlu ‘ Ira t m um u m simm nw a Tee tnt I’ . ni t ’ nun n nuns i rate d ex am Iml u - uf mmml ti—part NC lix luring. I - lye- tool changes art requ mred In n
nut .ic - h n nt- I hue palm shut is’. n - SI in hum nm np c y c l e  Ii mmmc. us r e d u c e d  by six tnt m u  ut’ s wh en each tun o h is called funt mine-C itt unta e’ltine eight par Is
inctc ’,mui iii l’~ ii part s ~
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PU BLIC ATIONS

AERONAUTICAL REPORTS

LR-594 ANALYSIS OF WALL INTERFERENCE E FFE CTS ON ONE RA CALIBRATION MoDl-:Ls IN Till -: NAI- 5 - I - I .  A

5-FT. WIND TUNNEL.

M. Mokry, R.D. Gaiw ay ,  National Aeronautical Establishimment , March 1977.

The measurements on three geometrically sim ilar air~raft models by ONERA are used to analyse lift intenlenence effects in the
solid and perforated wall test sections of the NAE 5-ft. X 5-ft . test i’acility. The prediction of time angle of attack correction for
both test sections is based on the representation of the ummodel by lifting lines and the solution of the subsonic wall intenicrenee
problem by the finite difference nmethod, The value of the porosity factor ascribed to the test section with pent ’orate d walls is
checked by comparing the measured wail pressure distributions with the theoretical ones, predicted by t h e  present mmmethod. The
lift interference effects on mimodels Ml and M3 , having wing span to wind tunnel width ratios of 0.188 and 0.3 Ii respectively,
were found to be within time limits of experimental errors. For the MS model, h aving a wing span to wind tunnel widt h ratio of
0.644 , the solid and perforated test section nmeasurements . correcte d using a uniform angie of attack correction , show good agree-
unent up to lift coefficients of about 0.5. At higher values of the lift coefhicient , the effects of tIme spammwise variation of tine angle
of attack correction in the solid wall test section becom e mumore significant, as demmuon strated by unmeasured pressure distr ihmanuumns
at three spanwise locations of the wing. Based emn the theoretical prediction, the test section witim 20.Y/r perforated Vt mills prumiduces
a more uniform distribution of the angle of muttack correction along the wing span, and hence simould yield mmmorc reliable test data
than the section with solid walls.

MECHANICAL ENGINEERING REPORTS

Sill .! Ii WAVE LOADS ON LARGE (‘IRCULAR CYL INDERS: A DESIGN METHOD,

G.R. Mogridge, W.W. Jamm mieso n, Division cmf Mechanical Engineering. I)ecenmben 1976,

Time forces and overturning moments exerted by waves on large vertical circular cylinders li-ave been nmeasured in the lahonaln mrn,,
Two rigid cylinders. 12 in. and 26.5 in. in diam mueten , extending i’ronm t he hemt tom m m of wave hlunmne tlnroughm time water sc mr iace . were
teste d in varying depths of water , Innr a range of wave periods and wave heights ~p to time poini of breaking. A digital c i i  m u m puten
was used lor the acquisitieun, processing, plotting and storage of lime experim ental data.

In addition to the ex pe nmiu mc mmha l work , a design mmmethod is presented w hich allows time wave- load s umn large circular cylinders Itt tie
estimated by m eans of a smnmp le desk calculation. Time experimental datm u simow’ s t hat timis sim nuple mimet lmod umf ca leuula licmn . based enmi
t he linear dilh’ract ion thetmr~ tif Mac< am m my and Fucims . is accurate cmver a wide range of s’. mive conditic mns and c ’y hinder si/es.

A PARASII -TR I( ’  STUDY ON IIIGIIWAY CAhILl - IIARRII-: R PI-Ri’ ORMANCI - ,-SN I) I I’S i - i  h I-(’ T ON V I - IIIt II-
I)’s’NAMIC~s

(;.L Itassun . Nalmum na l Aertinau uica l l- st ,uhh ms i mmmnent , l-ebnuar s 1977 ,

A paramm iei rm c stu dy ni h time hmig hu wa ~ ca ble barrier ss stem i m and its d Ied nun veitic le redirectiunn hn,u s hit -cit carr ieti oUt mi s mune lime N R(
harrier analysis , am prengrarumme d Itnr digital smm im ulati ut ,m in c unm u tun e -t inin w i t h  aim ex isting anais- sns un l lime ehu ic ’ht ’-uc’ rra im i ss -st c ’nn -
(‘ommmp o nent data set s were uihtaineth i r t mm m m tna rr ier ex h m n ’ r m nmcnt -,ul ummeasure rul ents and a veiuiclc Inarm i m m met e n smudy -

A iw um’ part slmi d~ was pertormet i. lime initial phu , m s t ’ dc’j ll ‘,‘,itlt tiarr ier respn mnse , At m c-u , m l u i mu lm n m m m t n t  t ine ’ e l I cu t  t n t  n i us i t ut t m m mranuuu ’tc ’ um
nmmi design respuinme variable’s was cunn duc ted, line mut i pu mrtamm ce nih ptmst ;i,uram m uele t s 55 as Iumg hu ligi ntet i 5 muuc ’:uum s n i t  umsumu g iiuc’se c’ tu . unac tn t  -

mst ics to mnlpnum s- c’ pert umrmmman e - t- s’.as c- uuuisuu ierctt . 5  h’ric’t c’’.temms ii nn of t hin’ mina l~- sis lum mmt bmer Iu ’ nn sm unm m t immrrm n - m sn. stu ’ n n us im.us mil sn n lmu ’ u’mu
inc ludeul -

h hme sc- c- intl Ishast ’ e- imns iche rn - m l ve hic le ’ mrn mc ’ r .unImuuun wml i m c’aimIt ’ m ann ers , s t r mm m cl nt anti c u it s c ’ nl , uns e t  ln’ n , n h  .mm nui s t n n t mmmmn ’ lc ’ u r . m m m n  I n n  tin ’ t h u s .
ss-s tenm cu m mu m pm num t n l s n’.ere clm un se ’ mm s um - u s  tum relire’st’n m Is lime-a l uphmt ’m mind hi sS n m  h m nn u i m mu i c n n  tmn tm imuahmun t t s  1 m m  l Ine n rmsmu t e  p.m ns u ’tu ’ n l  t i n s
of ,m ut n m ru m u m h m ie-s -5 m uummu t h mn ’t um i e m m m u m h m u m t t m  n t I s  stn ’re ’ hmt ’t t u n t tu u n~ui w thu lime’ n n litec’I t nt u’ m,, ulm i , m t umni - s ub t i t l e  nt - s ; n n n n m s u’ nil hmc ’t h u u l m I , i m mn u us
ahie c le d hm~ cnmlmca l harrier anti Inrr .u mmi ;m , iu . u u n mu - Ic ’ rs , ( n u t t n ’ h .u t tn i mn  w tin s m i t h  h i am a mtt c . l n m s  w ,us e-st . ulmhmslnc-ui I n n  m m m t l m n lsu s un i u u t , u; m m u u n n

imnmm iu n nhs nil ’ aec t -pt .mhih u ’ sc ’ I mm t h e ’ I m t ’ r l u m r rm m , u n nn - 1 lmt ’ uumn s t t l nn u n tm tm ,umm t  u u m s t . uhmulu ls  im m uimnul  inn um t ’dur ms u s .u ‘ ,n’ iumc In nnhl.m n~ n m  u u n m n d m l n n m u n

_ _ _  - - - 
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LABORATORY TECHNICAL REPORTS

National Aeronautical Establishment

LTR-h-R-5 7 Daw ,D.F,

Tests of a Reverse Flow Outside Air Temperature Probe for Use on Cloud Physics Research Aircraft.
January 1977.

LTR-FR-59 Drumniond, AM.

Effects of Aerodynamic Interference on the Atmospheric Environment Service Particle Measuring Dev ices
Mounted on thc NAE Twin Otter.
February 1977.

LTR-LA-l 97 Williams, C.D.. Wardlaw , R.L.

Further Measurements of Arch Hangar Vibrations on the Burton Bridge.
September 1976.

LTR-LA-l 98 W illiams. (‘.D., Wardlaw , R.L.

W ind Tunnel Investigations of Smoke Stack Performance Ion an Oil Tanker.
February 1977.

LTR-LA -203 Cooper ,

Wind Tunnel Tests on a V.O.R. Field Detector for Philips Electronics.
October 1976.

LTR-LA-204 Cooper , ICR.

Wind Tunnel Investigations of Aerodynamically Induced Structural Vibrations of an Aerial Towed Body for
Hudson Bay Mining and Exploration.
October 1976.

LTR-LA-207 An Investigation of the Aerodynanmics Drag of Spray Boom Configurations on Con-air DC-6 Aircraft.
january 1977.

LTR-LA-212 Irwi n ,

A Wind Tunnel Investigation of the Proposed St. Johns River Bridge. Jacksonville, Florida.
January 1977.

LTR - LA- 2l 3 Willia ms, C.D., Ward haw , RL .

Wind Tunnel Investigation of Smoke Stack Perforunance for the Polar VII Ice Breaker.
February 1977.

LTR-UA-4 1 Orhik-Ruckemann, K.J.

Dynamic Stability Testing in Wind Tunnels.
March 1977.

Divi~.on nt Mechanical Engineering

LTR’(’S.l62 Schwartz , J . -L.

h-x perim ent a l Apparatus hei r Vumltage4’Iamp Experiments cm time Lobster Giant Nerve - I limtv Under ( eunstant
Magnetic I-ie ld Exposure.
January 1977.

LTR4’S-l63 (;euit’ . R. W .

(‘ross Assembler luir the M6800 Micruiproceswt r.
i’t ’hruary 1977.
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LABORA TORY TECHNICAL REPORTS (Cont ’d)

Divis ion of Mechanical Engineering (Cont ’d)

LTR.CS-164 Gueffi e , R.W.

PDPM68 Object Code Formatter for M6800 Microprocessor.
February 1977.

LTR-CS-165 Gellie, R.W.

CAM AC Handler.
March 1977.

LTR.CS-167 Gellie,

CAMAC Special Fortran Subroutines.
March 1977.

LTR-ENG-54 Krishnappa , G., Rimmer , R.J., Hammell, T.H.

The Effect of an Exten ded Circular Casing on the Aerodynamic and Acoustic Performance of a 15 Horse-
power Blower.
December 1976.

LTR-HY-58 Pratte , B.D.

Flow Res istance Due ~~ Reconsolidated lee Covers.
October 1976.

LTR-WE-! Whale , K.G.

NCEDIT-i l Numerical Control Editor Users Guide.
January 1977.

LTR-WE-2 Hawthorne, H.M., Lau , R.

Laboratory Assessment of Glass Filled PTFG as Bearing Pad Material for Diversion Gates.
February 1977.

LTR-WE-3 Hawthorne , H.N., Lowe , J .

Marine Hydraulic Steering Gear Component Testing.
February 1977.

TECHNICAL TRANSLATION

TF-l89l HOT FORGING OF A HEAT-RESISTANT FIBROUS COMPOSITE MATERIAL
* $2.20

KIJZNECHNO-SHTAMPOVOCHNOE PROIZVODSTVO , (6): 18-20 , 1975

The above translation is available from the Translation Section, NRC Library. Sussex Drive, Ottawa. Ontario. either on an exchange
basis with librarie s of Government departments and universities or at the pried indicated ,

_  _ _ _ _ _  ~~~~~~~~-.--‘~~~ - -_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~--~~- -~~~ - - - - - ---  - - _
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MISCELLANEOUS PAPERS

Buck , L. Circadian Rhythms in Step-input Pursuit Tracking. Published in Ergonomics 1977 , 20 , pp. 19-31.

Chan, Y.Y. Noise Generated Wavelik e Eddies in a Turbulent Jet. ICAS Paper 76-4 2. Time Tenth Congress of the international
Council of the Aeronautical Sciences. October 1976.

Chan. Y.Y. Spatial Waves of Higher Modes in an Axisynmmet nic Turbulent Jet. The Physics of Fluids, Vol. 19, No, 12 , I)ecember
1976 , p. 2042.

Gellie, R.W. Computer Control Standards Part 1: Computerized Process Control and the Search ion the Perfect Interface.
Canadian Controls and Instrumentation, December 1976 - January 1977 , pp. 34-35.

Gellie, R, W. Computer Control Standard s Part 2: Computerized Process Control and the Interface, Canadian Controls and Instru-
mentation, February 1977 , pp. 30-32.

Hanff, E.S., Orlik-Rückemann, K.J. Wind-Tunnel Test and Calibration Techniques for the Measurement of Damping and Dynamic
Cross-Derivatives due to Pitching and Yawing. Presented at the 15th Aerospace Sciences Meeting, Los Angeles, California,
24-26 January 1977. A IAA Paper 77-80.

Kekez , M .K., Savic, P. A Study of Breakdown Delay in Electrically Pumped Laser Gases. Can. J. Phys. 55 , 325 , 1977.

X rishnappa , G. Sonme Experimental Studies on Centrifugal Blower Noise. Proceedings of INTER-NOISE 77 , Marc h 1977.

Lindbe rg, G.M., MacNaug hton , J .D.* Remote Manipulator System and Satellite Servicing Experiment for Space Shuttle. Paper
presented at the AAS/DGLR International Meeting on the Utilization of Space Shuttle and Spacelab, Bonn , West Gennmany,
June 2-4 , 1976. To be published in the Proceedings.

Orlik-Ruckemann, K.J. On Aerodynamic Coupling Between Lateral and Longitudinal Degrees of Freedom. Presented at the A IAA
15th Aerospace Sciences Meeting, Lot Angeles, California, 24-26 January 1977. A IAA Paper 77-4 .

Pinkney, H.U.L., Ayaui, A.A. , ifucufak, P., Harrison, A.L. A Sys ienms Engineering Study of Night Visibility with Autorrmobik
Headlighting. Paper presented at Society of Automotive Engineers , International Automotive Engineering Congress and
Exposition, held in Detroit , Mich., March 1-4 , 1977. Published under SAE No, 770240.

Wallace , W. Discussion Summary of Session II. AGARD Conference Proceedings No. 200 on Advanced Fabrication Technic lues
in Powder Metallurgy and their Economic Implications, p. DS2-l to DS2-2. Conference held in Ottawa , April 1976.

Wallace, W ., Inmmarigeon, J-P., Trenout h, J .N ., Powell , B.C, ** Control of Grain Structure during Superalloy Powder Processing.
AGARD Conference Proceedings No. 200 on Advanced Fabr ication Techniques in Powder Metall urgy and their Econo msmic
Implications, p. P9-I to P9-13. Conference held in Otta w a , April 1976.

UNPUBLISHED PAPERS

Johnson. R.R.. Ploeg, I. The Prob lenms of Defining Design Wave Conditions. Port s ‘77 Conference, Los Angeles, CaIiIormnia.
March 1977.

Lane , J.F. Recent Research in Snow Remov al Techniques at N.R.C. Presented at a meeting of time International Society Ion
Terrain Vehicle Systenis . Hanover , N.H., 23-25 February 1977 .

Ohn uan , L.H, NA1- (‘ontr ibutions to the Development emf Supercriticah Airfoils and Jet Augnmented Airfoils. Lecture presented at a
CASI mneeting em March 8, 1977.

Ploeg, J , The Potential of Waves and Tides as a Source of Energy. Seminar presented at (‘ar leton University, Ot law a, Mmunelm 24 .
1977.

Ringer , T.R. Switch Point Cleaning and (‘old Weather Operations. Presented at (‘anada/USSR I-xchange Prograum mune , Ot t a w a ,
Canada , 16 March 1977.

* Spar Aerospace Products Ltd., Tuironto, OnI.
•~ W ih k m nssm n Mat c h Research Div., Sloug h , I-ng land.
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UNPUBLISHED PAPERS (Cont ’d)

Tucker . H.G. Industrial Flow Measurement and Control Com ponents Using Lam inar Flow. Presented at 1977 World Fair Ion
Technology Exc h ange , February 9, 1977 at Ch icago Exhibition Centre.

Wa llace. W ., Ashdown . C.* . Law . C.C. ** , Grey, D.A, ** Sigma Phase Formation in P-N Nickel-Base Superalloys. Paper presented
by C.C. Law at the 106th Annual Meeting of the Metallurgical Society AIME, Atlanta. Georgia , March 1977.

W ickens, R.H. The El’fects of Aircraft Vortex Wake on Spray Deposition. Delivered at Dept. of Cimemumical Engineen in~. March 17 ,
1977.

* Graduate Student , M.I.T . (‘amb nidge , Mass ,
** Materials Engineering and Research Laboratory, Pratt & W lmitney Aircrai’i. Middletemw n . (‘onn. 
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AER ONAUTIC AL AND MECHA NICA L E N G I N E ER I N G LIBR A RY

Statistical Summary for Jan uary 1 — March 31, 1977

Documents accessioned (including duplicates) 3360

Cards added to catalogue 6977

Books received 208

Bound periodicals received 32

Loans to NRC s taff (including Periodical circulation and Xerox and Microfiche
copies in lieu of loans) 5937

Loans and distribution to outsiders 2972

Total circulation 8909

Information inquiries (quick references) 4264

Literature searches and bibliographies 589

No’rE: The Uplands Library is no longer a sub-branch of the Aero/ME Library. l-losvever, all
documents for the Uplands Library are indexed and all document catalogue cards
produced by the Aeronautical and Mechanical Engineering Library .
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UPLANDS LIBRARY

Statistical Summary for January 1 — March 31, 1977

Regular loans made to NRC divisional staff 984

Loans to CISTI and NRC branch libraries 44

Loans to outside NRC: a. Universities 7
b. Industries 1 15
c. Govt. Depts 7

Periodical rapid circulation 792

Xeroxed copies supplied in lieu of loans 169

TOTAL LOANS FOR THE QUARTER 2004

Documents accessioned (including duplicates) 530

Cards added to catalogue: a. Book cat 910
b. Document 

Books received 32

Bound periodicals received

Information inquiries (quick reference) 1348

Literature searches 228

L.


