1981

o=

@ ()

“

&5

s

o 40
YEARS
L AT
AN S

association of polish engineers in canada
stowarzyszenie technikow polskich w kanadzie

association des ingénieurs polonais au canada
206 BEVERLEY ST., TORONTO, ONTARIO, M5T 1Z3




&7~  364-3858

SPECIALISTS IN
DATA PROCESSING/TECHNICAL

OUR CLIENTS is a well established manufacturer and a
leader in its industry. The sales of the Canadian division
are $45 MILLION arnually. International sales are $1
BILLION PER YEAR.

This is an outstanding opportunity for the right individual.
The candidate must be able to advance to a senior man-
agement position within one year.

QUALIFICATIONS: P. ENG. or eligibility; graduate preferred
in the industrial or mechanical disciplines; minimum two
years experience

INITIAL ASSIGNMENT: “take charge” cf newly created
Industrial Engineering Department overseeing activities of
Quality Control/Assurance, Inspection, Repair and Design.
Attractive salary and benefits are offered, including a
dental plan. To setup an appointment phone Technical
Division:

EXECUTIVE SEARCH & DE-HIRING
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Electronics/ Technologists ¢ Prog/Analyst/Systems
Mfgr/ Material Control * QOperations/Sales
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NAKAZ CHWILI

Inzynierowie polscy pojawili sie w Kanadzie w wiekszej
ilosci dopiero na poczatku drugiej wojny $wiatowej.

Upadek Francji by}l ogromna stratg potencjatu nie tylko
militarnego, ale takze i przemystowego. Zastapienie tej
straty, a przede wszystkim przemystowej, stato sie piekaca
koniecznoscia. Kanada, posiadajaca wszystkie surowce, byta
bardze korzystnym krajem do zastapienia poniesionej straty
w przemys$le wojennym. W zwiazku z podjeciem decyzji roz-
budcwy przemystu w Kanadzie, zapotrzebowanie na sity
fachowe bardzo tutaj wzrosto.

Na przetcmie roku 1940/41, zostata zawarta umowa mie-
dzy rzadem federalnym Kanady a rzadem polskim na obczy-
znie, na podstawie ktérej pare set inzynierdw i technikéw
otrzymato prawo wjazdu do Kanady na czas trwania wojny.

A. ZJAZD 49-LECIA

PROGRAM UROCZYSTOSC! 40-LECIA
STOWARZYSZENIA TECHNIKOW POLSKICH W KANADZIE

Piagtek, 23 pazdziernika 1981

Westin Hotel (Hotel Toronto)
University Ave./Richmond St. West

18.00 Rejestracia
20.00 Towarzyskie spotkanie z Polonia —- Terrace Reception Hall.

Sobota, 24 pazdziernika 1981

Ontario Science Centre
770 Don Mills Road

10.00 Otwarcie uroczystoéci 40-lecia i otwarcie wystawy — Great Hall.

* * *
Westin Hotél- (Hotel Toronto)
14.30 Walny Zjazd cztonkéw STP w Kanadzie — Toronto Ballroom.
19.00 Bankiet jubileuszowy — Toronto Ballroom. .:
Niedziela, 25 paidz_iernika 1981
11.00 Dziekczynna msza éw. — Kodciét &w. Stanistawa,

w Kanadzie jako - 12 Denison Ave. .
12.45 Spotkanie poed pomnikiem Kazimierza Gzowskiego — Lakeshore Blvd. W,

14.00 Obiad kolezeriski.

Warunki tych, ktérzy wyladowali

M. HURYN
S. MORAWSKI
N o, 2 pierwsi, byly doéé ciezkie, gdyz byli zdani w zupetnoéci na
wiasna inicjatywe. Dlatego z poczatkiem roku 1941, skoro juz
EDITORIAL COMMITTEE kilkudziesieciu inzynieréw znalazto sie w gtéwnych oérod- . e .
kach przemystowych, tj. Montreal, Ottawa i Toronto, powstata . . o . L .
my$! zatozenia Stowarzyszenia Technikéw Polskich w Kana- — TOW&VZYSK'G ‘spotkanie- z :Pelonia jest pomyslane jako :wieczér polski,. .na ktérym
dzie. czicnkowie naszego Stowarzyszenia, w towarzystwie swoich rodzin, beda mogli sie
spotkal  z ‘przedstawicielami organizacji polonijnych, :z: polska prasa,: radiem
§ i telewizja.
— Otwarcie uroczystosci 40-lecia- i wystawy odbegdzie sie przede. wszystkim .w obecnoéci
4 reprezentantéw $wiata technicznego Kanady. Przeméwienie giéwne na otwarciu wy-
glosi przedstawiciel Engineering. Institute of Canada prof. dr inz, Peter . Wright.
— Wystawa pod tytutem “In Canada for Canada” ma daé poglad na wkiad polskiego
¢ architekta, inzyniera i technika w zycie Kanady. Eksponaty obejmuja rézne dzialy
budownictwa, przemystu, wiedzy techniczne], nie wykluczajac sitowni hukl'eamych
5 i takich dziedzin jak elektronika, komputory, iasery i satelity wiacznie z pojazdem
ksiezycowym. Osiagniecia naukowe tez maja swoje miejsce na- wystawie. Wystawa
bedzie otwarta od 24 pazdziernika do 2 listopada 1981 r.
— Bankiet jubileuszowy zgromadzi reprezentantow ze sfer rzadowych, przemystowych
i naukowych. Gtéwnym méwca na bankiecie bedzie federalny. minister Przemystu,
Rzemiosta i Handlu, pan Herb Gray. Po bankiecie zabawa.
— W niedziele, w czasie mszy $w., kazanje wygtosi byly cztonek STP w Kanadzie
ks. inz. Wiodzimierz Bakanowski. ‘ ,
—- Po nabozeristwie nastapi spotkanie pod pomnikiem Kazimierza Gzowskiego.
— Obiadem kolezeniskim zamkniemy uroczystcéci 40-lecia STP w Kanadzie.
Zarzad Géwny spodziewa sie licznego udziatu cz’ronkéw"St-owarzyszen'ia w tych
uroczystoéciach. 3 ’

Chairman :
L. KONOPKO

Members-Branch Editors :

Stowarzyszenie zatozono w czerwcu 1941 r. W zadaniach
Calgary :

Stowarzyszenia zostata, miedzy innymi, podkre$lona pomoc
kolegcm w uzyskaniu pracy stosownej do ich kwalifikacji.
W tym czasie pomoc ta byta bardzo waina, gdyz wiekszo$é,
nie znajac odpowiednio jezyka angielskiego, miata wielkie
trudnosci w znalezieniu pracy na wlasciwym poziomie zawo-
dowym.

Po czterdziestu latach zjawisko wydaje sie powtarzaé,
choé¢ w innych warunkach. Na tym miejscu nie bede roz-
wazat tych warunkdw, ale stwierdze tylko to, Ze coraz wigcej
inzynieréw i technikéw z Polski przyjezdza do Kanady z za-
miarem osiedlenia sie. Na ten fakt nie mozemy zamykaé
cczu i musimy ponownie, tak jak w pierwszych latach Sto-
warzyszenia, potozy¢ nacisk na pomoc nowoprzybywajacym
w ulatwianiu im osiedli¢ sie i znalezé prace, w miare moz-
noéci, odpowiadajaca ich przygotowaniu.

VACAT
Montreal :
K. MILEJ
A. LENARCIAK

Ottawa :
M. ZIELINSKA

Sarnia :
K. PAZDZIORA

Toronto :
R. JAGEA

‘The Association is not responsible
for any statements made or opinions
expressed in this Publication..

Reprinting only with a written con-
sent of the Head Office of the Asso-
ciation.

Na Oddzialy Stowarzyszenia spada w tej chwili zadanie
zastanowienia sig, jak podota¢ nowym wymogom wobec

Redakcja zastrzega sobie prawo do térych zestaliSmy postawieni.

skrétéw lub zmian bez porozumienia

sig z autorem artykudy M. Musiot 3




3. WALNE ZJAZDY

B. TABELA HISTORYCZNA

WEDLUG MATERIALGW SEKCJI HISTORYCZNEJ KOMITETU 40-LECIA ) s Pata bl b
1. CZLONKOWIE ZALOZYCIELE ' 15641 s
1 30,31.5.42 Ottawa
S e e [ 1] 28.2.43 Montreal
Lp  Nazwisko | imig Lp  Neguisko®i iimlg v 15,16.4.44 Toronto
1. Aécik Antoni 15. Ksieski Kazimierz v 18.2.45 Montreal
Vi 20.1.46 Montreal
2. Brzozowski Witold ' 16. Kurman Mieczystaw il 23.2.47 Montreal
Vil 22.2.48 Montreal
3. Cyma Zygmunt 17. Lepszy Bolestaw iX 27.2.49 Montreal
X 26,27.3.50 Montreal
4, Czerwifiski Wactaw 18. Maliszewski Tadeusz Xl 26,27.5.51 Montreal
7.6.51 Toronto
5. De Michelis Bronistaw 19. Meier Jerzy Xl 8.6.52 Montreal
: . X 17.5.53 Montreal
6. Filip Tadeusz 20. Nycz Stanistaw XV 2223.554 Montreal
Xv 5.5.55 Montreal
7. Herget Ryszard 21. Przasnyski Bolestaw o 21456 p——
8. Jakimiuk Wsiewolod 22. Rodwin Stefan xvil 1.6.57 Montreal
XVI 31.5.58 Montreal
9. Jarmicki Zygmunt 23. Stepniewski Wiestaw XIX 30.5.59 Montreal
XX 21-23.5.60 Ottawa
10. Jasiniski Tadeusz 24. Suchorab Zygmunt XX 20-22.5.61 Toronto
) XX 19.5.62 Montreal
11. Karczewski Zbigniew 25. Szwarc Aleksander XXI11 18,19.5.63 Montreal
- XXIV 16,17.5.64 Sarriia
12. Korsak Kamr:nerz 26, Tworek Zygmunt XV 2425565 Wl
13. Korwin-Gosiewski Jerzy 27. Weinreb Marceli XXVl 21,22.5.66 Ottawa
XXVI 17.6; 12.11.67 Toronto
14. Krzyczkowski Stanistaw 28. zubko Jan XXVITI 25,26.5.68 Toronto
XXIX 31.5.69 Sarnia
XXX 30.5.70 Toronto
- XXXI 16.10.71 Ottawa
XXXIT1 20.10.73 Sarnia
XXX111 15.4.78 Toronto
2. CZLONKOWIE-NESTORZY 10 DEKADY 2YCIA. XXXIV 8.10.80 Toronto

1. Dzwonkowski Zygmunt,

2. Kostrzyfi-Till Ernest.




4. PREZES| ZARZADU GLGWNEGO

Kadencja prezesa

-Elekt — -

Zjazdu Nazwisko i imig od do
| Korwin-Gosiewski Jerzy 15.6.41 49.41
PO ‘Kurman Mieczystaw "’ 4941 31.5.42
] Koérwin-Gosiewski Jerzy =~ 31.5.42 28.2.43
1l ‘Nowakowski Roman 28243 i 16.4.44
v ‘Rosciszewski Antoni - 16.4.44 o 18.2.45
\ Korwin-Gosiewski Jerzy’ 18.2.45 20.1.46
Vi ‘Grzedzielski Aleksander 20.1.46 23.2.47
Vil ‘Pawlikowski Jozef 23.2.47 22.248
Viil Pawlikowski Jozef 22.2.48 = 27.2.49
IX Pawlikowski Jozef 27.2.49 27.3.50
X Pawlikowski Jézef 27.3.50 27.5.51
Xl Pawltkowski Jozef 27.5.51 8.6.52
XH Pawlikowski Joézef 8.6.52 17.5.53
XHI Martynowicz Antoni 17.5.53 23.5.54
XV Marcinkowski Wiadystaw 23.5.54 5.5.55
XV Martynowicz Antoni - 5.5.55 21.6.56
XVI Nyke Jerzy 21.6.56 1.6.57
XVil Meércik Adam 1.6.57 31.5.58
Xvin Kruzynski Mieczystaw 31.5.58 30.5.59
XIX Kruzyfiski Mieczystaw 30.5.59 9 21.5.60
XX Sliwinski Jerzy 21.5.60 - 20561
XX} Marcinkowski Wiadystaw 20.5.61 19.5.62
XX Marcinkowski Wiadystaw 19.5.62 19.5.63
XXIH Dziembowski $cibor 19.5.63 17.5.64
XXiv Dziémbowski Scibor 17.5.64 25.5.65
XXV Chetmitfiski Leszek 25.5.65 . 21.5.66
XXVI Chetminski Leszek 21.5.66 LT 12,1167
XXVII Ortowski Stanistaw 12.11.67 25.5.68
XXVIH Ortowski Stanistaw 25.5.68 31.5.69
XXIX Orfowski Stanistaw 31.5.69 30.5.70
XXX Skonieczny Leszek 30.5.70 16.10.71
XXX1 Przygoda Zdzistaw & 16.10.71 '20.10.73
XXXI1 Strok Wojciech 20.10.73 - 154,78
PO Morawski Szczepan 20.10.74 476
XXXI111 Musiot Michat 15.4.78 8.11.80

XXXIV Musiot Michat 8.11.80

ltem NAME

o

10.

11,

12,

13.

Hon. Podoski Wiktor

Thompson Leslie R.

Lea H. W.

Hon. Howe Clarence Decatur

Wright L. Austin

Young Clarence R.

Hon. Mitchell Humprey

Herget Ryszard

Piasecki Frank N.

Pawlikowski Jézef

Hon. Drury C. M.

Rosciszewski Antoni

Jaworski Zygmunt

5. CZLONKOWIE HONOROWI — HONORARY MEMBERS

Who is Who

Consul General of Polish
Republic in Ottawa

Special Liaison Officer,
Department of Munition
& Supply, Ottawa

Director, Wartime Bureau of
Technical Personnel, Ottawa

Minister of Munition & Supply,
Ottawa

Secretary General of the
Engineering Institute of Canada,
Montreal

Dean of Faculty of Applied
Science and Engineering at
University of Toronto

Labour Minister in The Federal
Government of Canada, Ottawa

Sscretary General of Association
and Officer at Wartime Bureau
of Technical Personnel

President of Piasecki Aircraft
Corporation, Philadelphia, USA

President of The Association
of Polish Engineers in Canada

M.P., Minister of Industry in

The Federal Government in Canada

President of The Association
of Polish Engineers in Canada

President of The Canadian
Polish Congress in Canada

Date of nomination

15.5.1941

28.2.1943

28.2.1943

15.4.1944

15.4.1944

15.4.1944

18.2.1945

8.6.1952

21.5.1960

21.5.1966

21.5.1966

25.5.1968

31.5.1969



C. ZARANIE STP

Dokumentacja powstania STP w Kanadzie

Karta 1.
Apel organizacyjny grupy inicjatoréw, datowany 9. 5. 1941 r.
* * *

Ottawa, dnia 9 maja 1941
J. Korwin Gosiewski
329 Waverley Street

Szanowny Kolego,

Wobec tego, iz na terenie Kanady, w chwili obecnej, znajduje sie 23 kolegow
inzynierdw, za$ nowe partie, czy to z Anglii, czy tez z Portugalii sa w drodze, nizej
podpisani wystepuja z inicjatywa zorganizcwania Stowarzyszenia Inzynieréw i Technikéw
Polskich.

Zgodnie z protokotem, podpisanym w Londynie przez niektérych kolegdw w tamtej-
szym Stowarzyszeniu, proponujemy utworzenie Kcta, zwiazanego ze Stowarzyszeniem
Technikéw Polskich w Wielkiej Brytanii, jake jednostki autonomicznej.

Ze wzgledu na to, iz Stowarzyszenie musi byé zarejestrowane u wiadz kanadyjskich,

po naradzie w tutejszym Konsulacie Generalnym R.P., proponujemy nazwe Stowarzy-
szenia jak nastepuje:

Association of Polish Engineers in Canada,
associated with Polish Engineers in Great Britain.

Stowarzyszenie nasze pozostawaé bedzie w écistym kontakcie nie tylko ze Stowa-
rzyszeniem w Londynie, ale réwniez ze Stowarzyszeniem w Nowym Jorku.

Utworzenie naszej Organizacji na terenie Kanady jest konieczne z wielu wzgleddw,
z ktérych najwazniejsze sa:

L. Reprezentacja ogétu technikéw polskich wobec wiadz kanadyjskich i placéwek
polskich.

2, Wspétpraca z Konsulatem Generalnym przy uzyskiwaniu wiz wjazdowych
i wyszukiwaniu pracy dla przyjezdzajacych kolegdw.

3. Podejmowanie krokéw, celem ratowania zagrozonych kolegéw w Portugalii
i Francji.

4. Wspdtpraca w akcji pomocy kolegom z Konsulatem Generalnym R.P. oraz ze
Stowarzyszeniem w Nowym Jorku.

5. Weryfikacja nowoprzybywajacych kolegéw, jeszcze nie weryfikowanych przez
pokrewne Stowarzyszenia.

6. Opiniowanie wobec whadz kanadyjskich i plddéwek polskich.

Poniewaz Stowarzyszenie powinno, naszym zdaniem, powstaé jak najszybcie:j ze
wzgledu na caly szereg pilnych spraw (zagrozeni w Portugalii), przeto proponujemy
nastepujacy sposob realizacji:

1. Positkowaniem sie statutem Stowarzyszenia w Anglii, do czasu uchwalenia
nowego statutu, dostosowanego do warunkéw miejscowych.

2. Jako siedzibe Stowarzyszenia proponujemy Ottawe, ze wzgledu na centralne
je] pctozenie oraz na obecno$¢ tutaj wiadz centralnych kanadyjskich i Kon-
sulatu Generalnego R.P.

(93]

. Utworzenie prowizorycznego Zarzadu, sktadajacego sie z 3 kolegbw, zamie-
szkatych na terenie Ottawy oraz 2 delegatéw na Toronto i Montreal, a mia-
nowicie:

kol. inz. Jerzego Korwin Gosiewskiego

Mieczystawa Kurmana

Jerzego Meiera

Cymy, jako delegata na Toronto
Redwina, jako delegata na Montreal.

4. Aby Stowarzyszenie mogto funkcjonowaé nalezycie proponujemy zaangaiov.vanie
statego ptatnego sekretarza, ktory by zatatwial sprawy biezace, w $cistym
porozumieniu z Zarzadem oraz Konsulatem Generalnym.

5. Mamy podstawy do twierdzenia, iz Konsulat Generalny przyszedt by z pomoca
materialna Stowarzyszeniu.

6. Proponujemy, aby koledzy pracujacy, ktdrzy zgadzajg sig¢ na przystapienie do
Stowarzyszenia opiacali sktadke. Wysoko$é skiadki zostata by ustalona na
pierwszym Wainym Zgromadzeniu. Dla umozliwienia zorganizowania Stowarzy-
szenia prosimy o podpisanie zataczonej deklaracji i przekazanie $5 (pie¢
dolaréw), pod adresem kol. Mieczystawa Kurmana, 141 Carling Avenue, Ottawa.

7. Prowizoryczny Zarzad funkcjonowat by do pierwszego Walnego Zgrom_adzen'iaz
zwotanego na jedna z najblizszych niedziel, do Ottawy, jako najbardziej
centralnie potozonego miasta.

Prosza Sz. Kolege o odwrotna odpowiedZ, piszemy sie z kolezenskim pozdro-
wieniem
(—-) J. Korwin Gosiewski
{—) Mieczystaw Kurman

{(—) Jerzy Meier



Karta 2.

Zawiadomienie z dn. 2. 6. 1341 o terminie i miejscu | Walnego Zebrania.

* * *

STOWARZYSZENIE TECHNIKOW POLSKICH W KANADZIE

Ottawa, dnia 2. 6. 1941 r.
adr. tym. J. Korwin Gosiewski
329 Waverley Street

Szanowny Kolego,

Niniejszym zawiadamiamy, ze w niedziele dnia 15 czerwca br. cdbedzie sie o godz.

1 po pot w mieszkaniu kol. R. Hergeta 66 Delaware Ave. w Ottawie Walne Zebranie
cztonkéw naszego Stowarzyszenia, o przybycie na ktére uprzejmie prosimy.
Porzadek dzienny zebrania:

1. Wybér Przewodniczacego zebrania i Sekretarza,

2. Wybory Zarzadu Stowarzyszenia,

3. Sprawa statutu,

4. Preliminarz budzetowy do kotica br.

5. Wolne wnioski.
Przesytamy kolezenskie pozdrowienia.
Zarzad Stowarzyszenia

R. Herget J. Korwin Gosiewski

Sekretarz

M. Kurman

10

Karta 3.
Pierwszy akt ogélny Zarzadu, datowany 9. 7. 41 r.

STOWARZYSZENIE TECHNIKOW POLSKICH W KANADZIE

Ottawa, 9. 7. 1941 r.
66 Delaware Ave.

JWPan inz. = .

Szanowny Kolego,

Zwracamy sie z apelem do wszystkich Kolegéw, by w wypadkach likwidowania
swych stosunkéw stuzbowych z firma w ktérej pracuja dla przyjecia pracy w innej
firmie — uprzednio, przed ostatecznym zakorficzeniem sprawy, informowali o takim
fakcie nasze Stowarzyszenie dla dalszego zawiadomienia o tym tutejszego Department
of Supply.

Podkreélamy, ze nikt nie jest krepowany pcd tym wzgledem w dysponowaniu swoja
osoba, lecz grzeczno$é tego rodzaju jest wskazana w stosunku do instytucji, ktéra sie
nami opiekuje i doktada duzych starafi w celu znalezienia pracy dla kazdego z czton-
kéw Stowarzyszenia.

Mamy nadzieje, ze wszyscy, w zrozumieniu wiasnego jak i ogétu Kolegbw interesu,
destosuja sie do naszej prosby.

Zarzad
i, Korwin Gosiewski R. Herget
Prezes Sekretarz
11



D. KRONIKA BIEZACA

1. SOLIDARNOSE
Powstaly przy Zarzadzie Giéwnym “Komitet Pomocy Polsce” zawiadamia,v ze do
1 wrzeénia zebrano przeszto $18,000. Akcja trwa dalej. W nastepnym biuletynie podana

bedzie petna lista ofiarodawcow.
J. Stubicki

2. Poiskie organizacje i czasopisma techniczne na obczyznie.

Stowarzyszenie Technikéw Polskich w Wielkiej Brytanii wydaje kwartalnik “Technika
i Nauka” jako Organ Polskich Stowarzyszen na ObczyZnie”, ktory obejmuje nastepujace
organizacje:
1. Stowarzyszenie Technikéw Polskich w Wielkiej Brytanii.
Institution of Polish Engineers in Great Britain.
240 King Street, London W.6 ORF.
2. Stowarzyszenie Elektrykow Polskich w W. Brytanii.
240 King Street, London W.6 ORF.
3. Association des Ingénieurs et Techniciens Polonais,
Winterthur. 8400, Case Postale 321, Suisse.
4. Centro de Ingenieros y Tecnicos Polacos en la Republica Argentina.
Stowarzyszenie Inzynieréw i. Technikéw Polskich w Argentynie,

Dom Polski, S ' 2076.
) 14022 Bcl)lesncl)s :irrreasr,‘oArgentina. LAT POLSKIEJ MYSLI INZYNIERYJNEJ W KANADZIE
5. The Polish Technical Professional Association, YEARS OF POLISH ENGINEERING IN CANADA
ROl ANS DE GENIE POLONAIS AU CANADA

G.P.0. Melbourne, Victoria 3001, Australia.
6. Association des Ingénieurs et Techniciens Polonas,
Place de la Source de I'Hopital, Hotel “Alexandria”
Vichy, France.
7. Association of Polish Engineers
P.O. Box 9484
Johanesburg, South Africa.
000
Stowarzyszenie Technikéw Polskich w Kanadzie wydaje swoéj kwartalnik “Biuletyn STP”.

KOMUNIKAT WYDAWNICZY

Wydanie specjalnego numeru jubileuszowego w 6-krotnie zwiekszonej objetosci
pociagneto za soba wyzsze koszty.

Zgodnie z komunikatem poprzednim w czerwcowym numerze 2/81 numer ten bedzie
rozestany bezptatnie do wszystkich cztonkéw z oplaconag do Zarzadu Gtéwnego sktadka
poprzez Zarzady Oddziatéw STP.

Dodatkowe egzemplarze mozna zaméwié za uprzednim nadestaniem wptat czeko-
wych po cenie kosztéw wiasnych $7/1 egzemplarz na adres: Association of Polish
Engineers in Canada, Head Office — Bulletin Fund, 206 Beverley Street, Toronto,
Ontario, M5T 1Z3.

Naktad jest ograniczony. Sktad do ewentualnego dodatkowego nakfadu wg zamé-

wieil moze byé zachowany tylko do korica biezacego roku.
Redakcja
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1981

40 LAT STP

__Page Author - Title Language
15 Alejski L. An engineer in architecture. Eng.
29 Bekker M.G. A search for the mechanics of off-road
locomotion in system analysis. Eng.
57 Chrzanowski A. New technigues in monitoring ground
subsidence in mining areas. Eng.
65 Czerwinski W. Wiatraki przysztosci. Pol.
i De Havilland glider “Sparrow”. Eng.
79 D'wonnik R. The design of the teaching cell group. Eng.
83 Garlicki A.M. Railway Laboratory of The National
Bowler E.H. Research Council of Canada. Eng.
93 Kawerninski L.I. Northwest passage S.S. “MANHATTAN". Eng.
Przej$cie péin.-zach. kanadyjskiego arktyku.
107 Kosko E. Les Cours de Génie Aéronautiques Donnés
par des Professeurs Polonais & I'Ecole
Polytechnique de Montréal. Fr.
111 kukasiewicz J. Development of facilities for high
speed aerodynamics in Canada. Eng.
127 Orlik-Riickemann K.J. Aircraft stability parameters
at high angles attack. Eng.
131 Ortowski S.T. Architektura w organizacji budownictwa szkolnego. Pol.
135 Purski S.A. Projekt sifowni wodnych kompleksu
La Grande w Quebec. Pol.
137 Sieciechowicz W. Care of handicaps. Eng.
141 Stepniewski W.Z. Over the Cradles of the DHC Canadian
Mosquito, Beaver and Chipmunk. Eng.
147 Swiderski A.A. The pittfalls and difficulties in
design of high speed machinery. Eng.
151 Wiéniowski H.U. Evaluating wear in piston engines by
quick spectrographic sampling methed, Eng.
159 Wyszkowski P.S. The Engineering of Art:
Design and construction of a Classic Guitar. Eng.
165 Wyszkowski P.S. Sen mojego ojca. Pol.
167 Zaremba J. Rozmowa o “The guide to the structural design
of underground structures” Eng.
z autorem T. Swiderskim Pol.
169 Zarzycki J. Opportunities and perspectives in digital
maping and automated cartography. Eng.
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L. ALEJSKI

AN ENGINEER IN ARCHITECTURE

I have spent most of my professional life working with Architects. In the process
| have had to revise my engineering training in order to make meaningful contributions
to their work. In architectural engineering the most advanced chapters of the theory
of structure can be used only to check the stability of structure... to analyze
numerically a structure already designed, not only in its general outline, but also
in all its dimensional relations. The formative stage of a design, during which its
main characteristics are defined, canot make full use of structural theory and must
resort to intuitive and schematic simplifications.

in this paper | shall illustrate how | used this kind of engineering on four of my
major project. 1 have choosen these projects for two reasons. First, they are repre-
sentative of place where we live a great part of our lives, where we learn, work,
spend our money and relax. Second, these edifices were designed by prominent
architects, advocates of technical and aesthetic equilibrium in architecture.

The nature of architecture has been discussed for centuries. Whether it was
art or structure aesthetics or engineering, or if a combination of both, in what
proportion — was a constant challenge and a continuing subject of debate. For ages
it was the architect whose role uncompromisingly encompassed all of the activities
of the engineer. The many sided Renaissance man, in fact, considered all art his
province, and all engineering a part of art — as witnessed by the remarkable Leonardo,
whose particular genius only magnified the accepted attitudes of his time.

Not until the Age of Reascn, with its philisophical and practical emphasis on
“pure” science and on the importance of experimental research for the development
of scientific law, did the first sign of the split between architecture and engineering
appear. As empirical rationalism took over the age, natural and applied science moved
into the field of technology and industry, and out of the realm of art. The 18th
Century laid the groundwork for the Professiona! Engineer. The 19th Century, in turn,
saw highly accelerated progress in structural science. Integral calculus and solid
geomatry were developed as technical aids in the field of mathematics; scientific
tehcnology was introduced to construction to create the unprecedented field of
engineering architecture. Polytechnical schools sprang up in France, Germany and
Austria, training technicians in the use of the new scientific calculations, soon to
be applied to revolutionary building materials: iron, steel and concrete. The field
of experimental progressive constrution, of untried tehniques and unfamiliar forms,
belonged exclusively to the engineer, builder of bridges, factories, railway sheds and
exposition halls. The schism was complete. The architects were left behind but not
for fong. The realisation that the architecture and construction must be practised
simoultanecusly, and that construction is the means and architecture is the result,
was in the offing.

The constructional necessity was translated into structural art and formed the
basis of the modern architecture. One of the founding fathers of these trends, in
architecture was Mies van der Rohe. Mies believed that in the epoch of science,
technology, industriatization and economy — and in the social patterns which were
forming through their influences, the physical realization of architecture was accom-
plished through the use of clear construction. Mies' knowledge of the possibilities
40 Years of Polish Engineering in Canada Bul. APEC 3/81
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and limitations of the materials with which we build — and particularly those which
are typical and unique to our time such as rolled steel sections and large sheets
of plate glass — enabled him to develop their potentialities as elements of construc-
tion and architectural expression. Mies defined the rules for the discipline of
structural architecture.

Mies van der Rohe designed the Toronto Domi-
nion Centre (Photo 1) toward the end of his career.
The project, lccated in downtown Toronto, is com-
prised of three tower buildings of different height
and a single storey banking pavillion. An under-
ground shopping concourse occupying the whole
site, connects the three towers with the banking
pavillion and with the two level parking facility
below. The structural design work began in the
Spring of 1964 when Mies presented his master
plan and a single crossecticn neatly organized on !
a five (5) foot module. This information was suffi- .
cient to fay cut all framing plans from the roof &
down to the foundaticns. Mies never departed from °
those sketches. Neither was there any need for us,
as structural engineers, to make changes or propose
medifications. The plans were most remarkable for
the clarity of their engineering. The power and
grace of these ordinary shapes and patterns stem-
med directly from their structural logic and were *
inseparable from it. Mies knew that the structural
system set certain limitations and that possibilities |
existed only within these accepted facts.

The first building of the complex to be erected
was the 56 storey Bank Tower. This building is
rectangular in plan measuring 120 x 270 feet and rises 740 feet above the Plaza.

Tali buildings, soaring above the average height of neighbouring structures, receive
the full impact of the wind, and a reasonable estimate of that force must be
established before one can proceed with the design. The wind pressures proposed
by the City of Toronto Building Code, at the time when the design of the Bank Tower

Photo 1

was started, were vague and incomplete. An examination of the wind requirements.

of cities subject to similar meteorological conditions led to ambiguous and startling
conclusions. Obviously a great amount of research was needed before a realistic wind
loading curve could be drawn. Historical data on wind velocities, directions and
durations was obtained and analyzed. A statistical approach was used to reduce those
essentially random in nature pieces of information to a useable form.

The application- of modern techniques including higher strength steel, welded
connections, replacing masonry with curtain walls, lightweight floors and partition
systems, all combined to greatly reduce the stiffness of the proposed building and
its capacity to dissipate the swaying energy or damping. Thus newly created new
aerodynamic characteristics had to be examined taking into account the integrity of
structure and architectural finishes and most important the comfort of the building’s
occupants. Having drafted wind loading and the corresponding deflection or drift
criteria, the bracing system was studied next. .
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The slenderness of the Bank Tower and our .imposed sway limitations required
the full width of the building to resist the horizontal loading. The available bracing
systems for prismatic towers of similar proportions can be provided either externally
or more typically, they can be built into the interior framing system. The former
systems are represented by the tube concept developed during the sixties. Exterior
bracing imposing critical limitations on the glazed surface of buildings, was not
considered in detail. To the later systems belong the classic all rigid frame, and the
more typical for the modern towers, the “rigid-braced-rigid” type of frame. The “rigid-
braced-rigid” system was followed up to the stage when an estimate indicated that
a further reduction of sway by one inch would cost in excess of two hundred thousand
dollars. It was then that we devised another system still employing the use of two
storey high outrigger trusses, placed at the two mechanical floors. The system
mobilized the exterior columns and with the location of the mechanical floors at an
optimum height, it proved most economical in reducing structural steel tonnage from
45 Ib/sq.ft. to 37 Ib/sq.ft. Since then similar wind bracing systems were adopted for
the First National Bank in Seattle and The U.S. Steel Building in Pittsburgh.

The Bank Tower frame was analyzed manually. By equating the column shortening
the difference of the free deflection of the braced core and the deflection of the
outrigger trusses, the proping forces in the columns were found. From this point on,
the bracing system became statically determinate and a long process of tunning the
member sizes to fit the deflected shape began. In the process the questions of
tying the exterior column to the core, the P-delta effect and elastic stability of
columns arose. The pioneer work on these problems was instrumental in including
the corresponding requirements in the latest S-16 and AISC Standards.

For the 46 storey Royal Trust Tower, the *“rigid-braced-rigid” system was used.
This tower was computer analyzed using a modified Stress program. In the third
high-rise, the 33 storey Commercial Union Tower, poured in place service core was
Ltilized to provide lateral stability. The core was ercted by slip forming. Completion
of the core ahead of the cther construction, offered .an attractive payback by permitting
erection of structural steel and installation of elevators and mechanical risers to
proceed simultaneously. Although this method has been used on a number of lower
buildings, only this Canadian high-rise has been built in this manner to date.

Ali three towers are completely clad in glass, and structural steel. Continuously
welded 3/8 in. thick steel plate fascias extend horizontaly along each spandrel line
and vertically at each corner column. During erection this plate served as a form for
lightweight concrete which separates and isolates the plate from the spandre! beams.
The 8 WF17 beams, welded vertically to the plate, support window frames and serve
as rails for window washing machines. Comprehensive heat transfer calculations were
required before the cladding system could be finalized. The natural temperature
elongations of the horizontal plate result in substantial “hoop stresses” which must
be resisted at the corner columns. To contain the temperature stresses, a self
restraining band composed of interlocked fascia plate, a light weight reinforced
concrete and spandrel beam, each working at different temperature level, was created.

The fourth building of the complex, the Bank Pavillion is a completely welded
exposed steel structure with glass sheets mounted between solid steel bars. The
columns, cruciform in shape, are spaced at the perimeter at 10 feet centres, thus
providing a column free area for banking facilities. Steel plate and angle fascias,
continuously welded to columns, form a rigid wind resisting tube. Roof framing, a grid
of 4-6” deep girders with flanges varying in width from 6 inches at columns to 14

17

B e e}



inches at the centre, was buit-welded on site and jacked up into position. In this
building Mies’ intricate structural logic has established a creative high point in the
20th Century engineering and architectural design. The excellence of the structure
was recognized by our peers with an Award from The Consulting Engineers of Canada.

A good structural organism so essential to good architecture must be worked out
passionately in detail, and in general appearance. Mies' attention to details throughout
the job was indeed immaculate. Huge granite slabs spanning 20 feet over the Plaza
entrances to the Concourse were post-tensioned so that the interior and exterior texture
would match.

During construction of the substructure the axcavated sides were protected by a
tie back system of shoring — another first in Canada. The tie-backs, high tensile
cables, replacing the rakers of the old system, were grouted in 20 feet long predrilled
holes in shale and prestressed. This self testing system opened the site for the
contractor by giving him ample space to maneuvre his trucks and cranes, store his
material and saved him the labour and cost of removing the shoring and patching up.

@ The Robarts Library was designed by Warner, Burns, Toan and Lunde an associated
group of New York Architects, ardent believers in united architecture and engineering.
When faced with the task of designing the University Library, the nerve centre of a
University Campus they began the design as a structural concept for that function
and developed it as a sound solution for specific needs. Concrete construction was
preferred because the nature of concrete construction makes structure and shape
inseparable and gives the building robustness and substance.

Reinforced concrete presents hidden deficiencies and specific characteristics
which make its structural behaviour difficult, if not algotheter impossible to foresee
exactly. Its high thermal sensitivity, shrinkage, and above all plasticity, shatter our
hopes of investigating or knowing either before or after construction the real condi-
tions of equilibrium and make any concrete structure statically indeterminate. In spite
of these problems, modern reinforced concrete is one of the most rewarding and
expressive materials. The structural design of the library did not involve too many
intricate calculations, but rather, it was an exercise in concrete technology and
construction problems.

The library consists of the Main Library Building and three satelite buildings planned
on a triangular module (Photo 2). The satellite buildings contain the School of Library .
Science, the Rare Books Library and the Service Centre. The Main Library, 200 feet ! Photo 2
high, has two basement floors and 14 floors above grade. Bridge Links, suspended
on post-tensioned, 60 foot long crossing girders, join the main library with the satellite
buildings. Supports for the girders are completely articulated to permit horizonta!l
movements due to temperature and shrinkage changes and to allow for vertical move-
ments due to creep and differential settlement.

The triagular module was chosen as being the best solution for three basic
planning problems. First, due to the need to accommodate 1000 small offices or The bulk of the exposed concrete is architectural concrete. For most of the
study carrels on the perimeter of the bookstack floors, a higher than normal ratio of = concrete a mix containing limestone aggregate was used. For visual contrast the
wall perimeter was required. Second, due to the immense size of the project, requiring concrete mix in some of the panels contained dark basalt coarse aggregate. In addition,
as it does, a whole city block, the backside of a conventionally designed building for interior surfaces white meduza cement was added to the mix. To achieve uniformity
would become too overwhelming. A triangular building tends through its geometry, of colour, the mixes were constantly checked in the storage yards and on site, against
to give equal emphasis to each of its sides, and finally, due to the size of the building the previcusly approved standards. Basically, all exposed concrete contained approxi-
in relation to its neighbours, it was desirable to reduce the visible mass of the mately 5% air and plasticizer, and was poured at a 3% inch slump. Due to constant
building as much as possible. The triangle accomplishes this admirably. supervision, construction problems were dealth with as scon as they were observed.

The desired quality of the job demanded a standard to which all subsequent For example, in the case of the rather heavily reinforced cup columns, pockets of
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work could be compared. Such a standard was arranged in the form of a small pavillion
erected on the site before the construction started. Tested on this pavillion were
different types of forms, finishes like sandblasting, bushhammering and acid etching,
construction joints, reglets, inserts, etc.




segregated coarse aggregates were appearing at the bottom of the lift. After an
investigation of the problem, it was discovered that this condition occurred when
concrete was discharged from a fresh truck load. The simple solution was to set
aside the first bucket, which normally contains more “stony” concrete, and make the
first pour with the second half full bucket. Then the concrete from the first bucket
was placed. There was no significant delay in the schedule and the new procedure
corrected the problem.

Structurally the Library frame is a three-way flat slab type of construction. The
triangular shape of the floor and diagonal spacing of columns required a new approach
to the structural design. A matrix structural analysis by the formulation of a finite-
eiement mathematical model, equivalent to the actual continuity of the structure,
helped us in establishing the stress distribution of the system. Triangular waffle
slab was selected to support the heavy library stacks loading, in order to reduce
the self-weight of the floors and to provide an attractive ceiling-free soffit. To
transfer the loads to the columns, star shaped solid panels, modified to suit the
stress pattern flow, were employed. The sides of the main building; 330 feet in length,
allowed no expansion joints. To prevent the build-up of shrinkage stresses, floors were
divided by closure strips, into three corner triangles and an hexagonal centre. Closure
strips were cast one month following the last pour.

The temperature stresses in the horizontal plane, by providing “relief valves” in
the form of stair cases, and through the partial use of insulated precast concrete
panels, were dispersed before their effct could impair the integrity of the structure.

Floors are supported on hexagonal rebated columns carrying working loads in
excess of 6500 kips. At the perimeter, floors are supported on channel shaped shear-
walls called cup columns. Cup columns in conjunction with core walls provide
horizontal rigidity to the building. The channel-like shapes of the cup columns are
functional in the sense that the columns double as duct shaft enclosures. Cup columns
are insulated on the inside and completely exposed for their full height on the
outside, and thus they are subject to all deformations due to ambient temperatures.
By providing hinges at alternate carrel floors and by cantilevering the remaining floors,
these columns are permitted free vertical thermal movement.

For the transfer of the heavy structure and storage loads to the ground, two types
of foundations were considered -— caissons and mat foundation. The elevation of the
lower subgrade floor was established about two feet above the plane where the
glacial tilt ended and water-bearing dense sand stratum began. After a review of the
anticipated sizes of the caisson shafts and such caisson related problems as casing,
rewatering, and the danger of collapse, we decided on the mat foundation. A well
and piezometer tests conducted on the site, indicated that dewatering was necessary.
A system of well points extending seven feet below the foundation was accordingly
designed, resulting in the lowering of the water table to about three feet below the
lowest foundation level. In preparation for the placing of the mat a 4 inch slab was
poured on dry ground. This slab served as foundation for the light structural steel
beam and column chair frame for upper layers of mat reinforcing. The mat foundation
siab is seven feet deep, reinforced 3-way top and bottom with No. 14 and No. 18 bars.
Above the mat slab there is a 2"-4" deep space filled with granular material, forming
a bed for mechanical services. Slab, 8 inches in thickness above the fill, completes
the foundation. To control the size of concrete placements, the mat was divided by
an irregular net of keyed construction joints. Due to the size of the foundation, the
units were still quite large varying from 500 to 1300 cubic yards. The largest unit
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took 18 hours to complete, being fed by conveyors and cranes from trucks at five
points on adjoining streets. The hiatus in construction industry created by strikes
pushed concreting into the hot months of the year. Placing concrete during hot
weather created problems and required precautions. Initial thermal calculations indi-
cated a 60°F adiabatic temperature rise. To limit the concrete temperature to a maxi-
mum of 100°F the concrete mix had tc be placed at 40°F. To achieve this, the
cement content of the mix was reduced and blended with flyash, and, plasticizer
and retardant were added. In-additions, aggregates before lcading were cooled by
shading and sprinkling, and crushed ice was mixed with the water. To further reduce
the temperature gradient, the concrete mix was re-proportioned to produce a 90 day
nominal concrete strength. To facilitate heat escape, a layer of fog was formed over
freshly placed concrete, by adding a small volume of water through the use of
perforated garden hoses. Throughout the mat placement the temperature of the
concrete was measured using wire thermocouples. Recorded temperature peaks were
generally below 100°. We found that the additive-laced concrete took so long to set
that the heat of hydration of that mass of concrete was not a problem.

The different mixes of concrete were closely controlled and gave an excellent
intest variation of 3.12%. The sophisticated details of the building elements required
special attention to avoid blemishes, broken and uneven corners and reglets. To form
the reglets, metal, rubber and coated wood were tested. The latter was finally selected
when we found that rubber was discolouring the concrete and metal was tearing off
concrete edges.

All triagular formations in waffle slabs were created with fibre glass forms. The
forms, strengthened with cross bridging for rizidity, were reused on the average of
12 times before becoming fibrous on the surface. Forms were released by compressed
air. To obtain the quality of the finishes requested by the architects, we specified
steel forms for all vertical elements including stairs and cors. Two forms for each
element were prepared and they were used in a form jumping fashion.

There was another Award for this project.

B Toronto Eaton Centre is basically a suburban shopping centre, a modern socio-
economic manifestation, dressed up with good architectural design and inserted into
a decaying part of downtown Toronto. The idea of taking such an economic entity
and conglomeration of shops and reinserting it into an urban situation would not
occur, however, until certain’ shifts in consumer habits had taken place and some
incentive had been offered to private developers. The attraction for developers was
heightened by the liberalization of the municipality by-laws and the increasing
saturation of the suburban market. Pressure from environmental groups, communities
and even local governments against the unchecked growth caused by building a
shopping mall out at the intersection of two highways has accelerated the moving
process.

The centre was designed by Eb Zeidler, a Toronto Architect with an engineering
approach to crowd movement oriented projects. In the Centre, Zeidler very successfully,
addressed the problem of generating traffic on three and lately on four levels. On the
upper levels, the shoppers arrive by car at the parking garages wrapped around the
upper levels of the mall; on the lower levels the walking crowds of people arrive by
subway. Not much of the exteriors gives a clue of offering within; not much about
the architectural treatment beckons to the passerby. Like a suburban mall, one must
g0 there knowing what is ahead.

21

*



Photo 3

The interior of the Eaton Centre, though it might suggest that its design precedent
was taken from the Millan Galleria, is functional and utilitarion to a degree that it
could be called futuristic. If there is a metaphor for the building it is a science
fiction city (Fhoto 3). Actually the metaphors of technology and mechanization are
consciously conveyed by the shear length and height of the building, its predominantly
white colour, metal tube railings and curved glazing. The technical metaphor is also
extended by the pervasive exposure in the mall of the mechanical systems of the
buildings, as well as by the constructivist detailing, interconnected bridges, stairs and
exposed elevators.

The centre, opened in 1977, comprises a mall, the new Eaton’s Department Store
and two major parking facilities. At its south and north ends the Centre is anchored
by office towers, 29 ‘storey high at Dundas Street and 34 storey high at Queen Street.
There are over 350 retail shops along the mall, over 1,600 parking spaces in the
parkades and connecticns to two Yonge Street subway stations.
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Throughout this extensive project some rather intriguing problems have been
posed by the complex geometry inherent in the many areas of exposed structure.
Development of imaginative details to conform to the variety of architectural expres-
sions become an unparalleled challenge to the design team. Early in 1974, work
comimenced, clearing the first part of the site, extending from Dundas Street on the
north to Albert Street on the south. This work involved closing the three existing
east-west streets, re-routing many services, and moving two buildings of historical
value. The two buildings were re-erected on landscaped ground around the Trinity
Church, and as a small enclave of early 19th Century architecture attest to Canadian
Heritage in this modern environment.

The deep excavations were shored by the previously mentioned tie back system
anchored to bedrock. Foundations consisted mainly of short caissons set into bedrock
in predrilled holes. In this type of caissons, both the bearing and friction can be
utilized for load. transfer. We conducted twe full scale tests and found that the
capacity of caissons could be increased up to 75 tons per square foot, or three times
the value in general use at that time.

The Yonge Street Mall building is nearly 900 feet long. The east and west segments
of this structure are divided by a 60 foot wide mall open to 100 feet above street
level and enclosed by a vaulted glass roof. Vault framing consists of two hinged
trussed arches supporting the glazing system. At Trinity Way, Albert Street, and
Queen Street, the glass vaulting cascades down to the entrances. The supporting
structure is an intricate arrangement of triangular trusses, joists and hangers formed
from structural steel tubes and solid rounds.

The rational estimate of snow load on the glass roof was the subject of intensive
study. Again, as in the case of wind load, the building code was indefinite with regard
to a “greenhouse” type of structure and we felt that the mandatory ground snow load
of 40 pounds would be excessive. Data collected by the National Research Council
and through the computer modelling of the anticipated conditions allowed us to
reduce the basic snow load to 25 pounds, which was accepted by authorities.

The lower three floors of the mall are occupied by major retail outlets. One way
slab and beam construction has been used for these areas to provide flexibility and
to accommodate changes and modifications to suit all types of tenants. Above the
retail levels the west half of the mall is occupied mainly by office space, and has
been constructed using the conventional flat slab system on a 40 x 28 foot grid.
The economy of this type of construction, coupled with the relatively minor demand
for future framing revision, makes flat slab desirable for this type of occupancy.

On the east side, over the retail areas, parking spaces are provided on four levels
framed on a partially post-tensioned 56 x 28 foot grid system. These floors have been
designed for speedy conversion to office space when cars will no longer be permitted
into the city core. To compliment it, in the area immediately south of the Eaton's
store, provision has been made for the future construction of a high rise office tower.

The mall elevators, servicing both parking and office floors within the mall, have
received a unique structural treatment in that the entire elevator framework including
elevator pits, is suspended from steel contilevers at the glass vault level. These open
elevators serve the perimeter corridors of the retail levels, which are also inter-
connected by a series of light, trussed bridges.

The Dundas Street Office Tower, clad in a light glass and aluminum curtain wall,
is of hybrid construction. The building's light structural steel frame is supported
laterally by a concrete core which was jump formed ahead of the steel erection.
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The innovative eliptical shape of the tower helped to reduce wind resistance by about
15 percent. During the winter storm two years ago, while other much stiffer buildings
experienced some distress and lost a number of lights, the Dundas tower weathered
the storm without any mishap. Below the tower a three level reinforced concrete
podium connects the tower to the Eaton's store, the Dundas subway station, and the
Dundas Parkade to the West. The entrance to the podium, and indeed to the entire
complex, at the corner of Dundas and Yonge Streets, has been enclosed by a glass
canopy. The framing for this enclosure consists of lights joists supported on 8 foot
deep triangular, spine like trusses, the longest of which spans over 110 feet. These
trusses frame into triangular vierendel trussed columns formed of 12 inch diameter
tubes. The glass walls, laterally supported by horizontal joists and hung from roof
framings, complete the enclosure. The 34 storey Queen Street Office Tower, presently
in the last stages of construction, guards the south end of the centre. A different,
completely glazed curtain wall has been selected for this tower — otherwise it is
similar in shape and construction to the Dundas Tower.

The Dundas Street Parkade is a 10 storey parking facility providing space for over
800 cars. The parkade employs a double spiral system with one entrance ramp from
Dundas Street and another from Bay Street. The gently sloping parking floors, are
themselves ramps and are constructed of one way slabs spanning between beams
28 feet apart. The system is completely post-tensiond, including the rapid exit ramp
which is cantilevered 19 feet.

Throughout the project, the architectural concept dictated the integration of
rather delicate structural steel elements with massive concrete structures, calling
for a great deal of investigate engineering tc achieve a balance in aesthetics and
economy. The success of these efforts can be judged by the graceful geometry of the
carefully designed structural systems which have become a major focal point of this
project.

The periodic rise and fall of activity in various building types can be seen as an
interesting — if incomplete — indicator of architecture and design trends over the
years. A good example of that cyclical movement can be seen in theaters and audi-
toriums, the construction of which has had its ups and downs over the past three
decades. tn the late 1940’s during the great postwar construction boom, there was
a marked increase in school buildings at all educational levels, and rare was the new
school that did not contain at least a modest auditorium. This boom went on for
some twenty years, until the triple threat of recession, revision to provincial funds
for education, and a declining brithdate, all combined to bring activity in school
construction to a virtual halt. With theaters and auditoriums, there has been an almost
opposite development. In late 1940 and early 1950 their construction fell off sharply
under the direct competition of television, which was then made available for the first
time to a mass audience. But by the 196%’s, the burgeoning culture boom in North
America and the resurgence of an entertainment bent among the younger generation
spurred activity in this building type once again. Municipalities, cultural organizations,
and educational institutions vied with one another to erect the most comprehensive,
innovative, or at least the most impressive token of America’s newly discovered
interest in the performing arts.

B Toronto’s New Massey Hall (Photo 4), a spectacular 75 foot high reflective glass-
faced canopy, shaped, like a triangulated cone and enclosing the structurally independent
auditorium, was designed by Arthur Erickson. Supplementing the original Massey Hall
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built in the late 19th century, the new facility will be the permanent home for the
Torontc Symphony Orchestra and the Toronto Mendelssohn Choir. With its main
entrance facing Simcoe Street, the 240 x 320 foot building is flanked by a reflecting
pool on the north and by a 15 acre Massey Hall Park on the West. The one million
cubic feet main auditorium, with a seating capacity of 2,800, will be located in the
centre of the building directly under the crown of the canopy. Horsehoed around the
main floor are the mezzanines and balcony levels, split into sections which are
progressively slopping down towards the stage. A three story high lobby, roofed over
by the canopy, encircles the main auditorium and provides a gallery type access to
the mezzanine and balcony sections. Directly beneath the lobby there is the musicians
level containing rehearsal rooms, recording, radio and TV rooms and instrument
storage facilities. Parking for 400 cars occupies the lower two floors.

On this job we served two masters — the Architect and the Accoustics Consultant.
Erickson Is an artist rather than an Architect with a strong belief that even a bare
but statically correct structure will give the full effect of beauty and become true
architecture. He subconsciously recognizes that forms and volumes, set by technical
and functional necessity, but treated with sensibility, come to be an eloquent means
of architectonic expression. Designing with Erickson is a continuous search for a
perfect form or shape, even for the most trivial of details. Erickson: works exclusively
on models and that is why his work comes out as a stable, unified, enduring organism,
balanced in all of its parts, sincere in its supporting structure and technical elements
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and at the same time capable of giving off that indefinable quality that we call beauty.

Inside the auditorium architectural concept had to comply with the accoustical
design. Solid concrete walls, ceiling and floors with eurved surfaces were chosen
for the bouncing off and scattering of sound. Special adjustable banners have been
provided to controi reverberation time. To accoustically isolate it from the rest of
the building and its outside environment, the main auditorium is designed as a
separate structure, copletely divorced from the surrounding lobby and parking levels.
The few contact points between the concentric buildings are separated by resilient,
vibration-isolation pads to eliminate structura! and ground-borne sound transmissions
to the auditorium.

The two concentric buildings are a simple arrangement of columns braced by
a series of inclined rings. Two such rings in the auditorium, which is mainly of
structural steel construction, double as mezzanine and balcony seating areas. Supported
on cantilevered trusses and completely wrapped in reinforced concrete, they project
30 feet over the auditorium floor. Cast in place, curved, reinforced concrete walls
extend from the auditorium floor to the ceiling. At their tops, these walls are joined
and braced by an oval concrete ring supporting the roof structure. The roof structure
is a 24 foot deep space frame in which twelve interconnected truss spokes radiate
from the eccentrically located circular hub. The trusses are each prestressed by a pair
of cables connecting to a tension ring and supporting a service cat walk. This utili-
tarian structure, shaped not unlike a giant candelabra, will be completely exposed in
the finished building. The trusses support steel purlins and decking over which two
3 inch thick light weight concrete slabs have been placed, separated by a roofing
membrane and insulation. The purpose of the cushioned top layer of concrete is to
deflect airborne noises, such as from nearby Toronto Island Airport. From the bottom
chord of the roof frame are hung slotted precast-concrete slabs. Accoustic banners
will be raised or lowered through the slots in the slabs. If it is the function of the
auditorium structure to keep music in, the lobbys’ duty is to protect the inner sanctum
and keep the noise out. The lobby structure is framed in concrete. Two rows of
concentric columns support three concrete rings. The top most ring acts as a soffit
for the lobby, and supports the mechanical floor with its framing and a track for
the window washing machine. Two lower rings composed of platforms and stairs
provide access to the upper seating areas of the auditorium. The shearwall-like
columns of the inner row have been designed in pairs to accommodate the double-
doored sound locks.

The glass canopy enclosing the lobby is supported on a space frame looking
somewhat like a giant fish net. The frame built of straight, between joints, 10 inch
in diameter steel tubes, was field welded into position. The rigidity of its joints makes
the frame self supporting. Articulate joints at roof level allow vertical movement.
Due to the complexity of the shape of the cancpy we were entrusted with the complete
designing and dimensioning of the glazing. To avoid glass wastage, we choose as
a basic shape a square, and to supplement it a 90° triangle, obtained by cutting the
square jnto two halfs. Out of two squares and two triangles, flat diamond shaped
units were formed, and out of these units a curved surface was generated. Another
set of 90° triangles, dimensioned to fit the areas left after joining the corners of
the diamonds, completed the glass surface. Design of the supporting structural mesh
to fit that shape, war really an anti-climax — the computer did the rest.

Working for a quarter of a century with architects has been, for me, a most
wonderful adventure and a very rewarding experience. Although there were frustrations,
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fights for the size of a column or beam, arguments regarding an opening in the wrong
place, but, after the building was erected, all those problems were long forgotten
and the pride of shared achievement and substantial contribution remained. And that
probably is why | have dwelied so much on the architectural aspect of my work, and
on my colleagues and clients... The Architects.
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M. G. BEKKER

Dr. Mieczystaw G. Bekker needs no introduction to the readers of this
Bulletin. In the October 1975 issue, on the occasion of his award of the degree
of Doctor of Engineering honoris causa, a note by Professor J. Lukasiewicz
brought his achievements to our attention. And in July 1976 “Greg” himself
gave, under the title “From lIdea to Reality in 70 Years”, a succinct résumé
of his achievements which led to the realization of lunar ground locomotion.
In the article which follows, he presents a more detailed review of the steps
which marked the evolution of a new engineering discipline, the science
and technology of Land Locomotion, of which he is the undisputed founder
and promoter.

Editor
* * *
A SEARCH FOR THE MECHANICS OF OFF-ROAD
LOCOMOTION IN SYSTEMS ANALYSES

GENERAL BACKGROUND IN THE THIRTIES

Automotive Engineering was practically a closed discipline by the 1930’s. General
vehicle concept, theory and empirics of dynamics, energetics and mechanical solutions
of principal components achieved a considerable level of maturity both technological
and operational, which have survived until this day without a substantial change.

The principal philosophy of automotive locomotion had been then as it is now,
based on mass production of vehicles and the availability of roads and fossil fuel.
In this situation, the road (considered as a physical medium of locomotion) simplified
the problem of mechanics and economy of vehicles because it is a medium of
practically fixed physical properties, mainly seen as a flat, rigid surface.

Quite to the contrary, the concept of off-road locomotion and the approach to it
were in a fluid state of confusion in the Thirties in spite of a revolutionary develop-
ment of agricultural, military and commercial cross-country vehicles. Although these
vehicles were influenced by the developmental school of thought of automotive
engineering, the medium in which they operate is obviously not a flat rigid surface,
which eliminated at that time many conventional solutions and research.

Special solutions demanded a rational adaptation of the off-road vehicle to the
soft uneven terrain surfaces that are also subject to changes of climate and geography.
Since such an environment varies within a very wide span, the theory and empirics
of highway locomotion were not quite applicable.

During the Thirties very little was known about the mechanics of phenomena
which take place at the vehicle-terrain interface, although these phenomena have
always defined the statistical optima of vehicle configuration, i.e., the numerical
relationships between Form-Weight-Size-Power aggregate which in turn defines the
Vehicle Concept.

WARSAW INSTITUTE OF TECHNOLOGY — 1936-1939

During the period 1936-1939 I had the opportunity to establish a graduate course
on Terrain-Vehicle Mechanics and a supporting Laboratory at the Warsaw Institute
of Technology. With the help of the Government and the Institute, | faced the task
in a general way, trying to tackle the whole problem rather than its parts. The execu-
tion of the plan failed because of the outbreak of the war. However, the three years
of lectures and laboratcry work which took place in 1936-39 had a decisive influence

40 Years of Polish Engineering in Canada. Bul. APEC 3/81
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upon the methodology of my future activities. For this reason, let me briefly describe
the work which, in a perspective of almost 45 years, appears to be the first attempt
at a systematic, organized effort of long range scientific and technical implications
in the discussed area.

The preparation of my lectures required a study of pertinent literature to a large
extent previously done. The study led to the formulaticn of the following problems
as well as to the initiation of their solution:

® explanation and delineation of trends and potentials related to cross-country

vehicles;

@ closed definition of methodologies for two emerging problems:

1. locomotion on soft, plastic ground and,
2. locomotion on a rather firm, but rough terrain surface.

Pendulum recorder

Lnvelope of damped~._
vibrations

Track joint

Investigated
track link -7

NN
Track Link Pendulum load
1936=37 acting upon irack lini

Fig. 3. Apparatus for measuring friction in track joints by determining damping of
pendulum oscillations.
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The first group of problems required consideration of soil mechanics and theories
of plasticity; the second was related to vehicle dynamics such as ride, directional
stability and obstacle crossing. In both groups of problems, the world literature was
limited to a very general, simplistic treatment of the subject matter, which barely fit,
it at all, our attempted solutions in the realm of off-road locomotion. Consequently,
the initial plan aimed at the following tasks:

® theoretical and experimental analysis of stresses and strains in the ground
under a moving vehicle, or its model;

e theoretical and experimental study of vibrations of mechanical systems with
many degrees of freedom;

e establishment and introduction of some sort of numerical parameters defining
the ground strength, pertinent vehicle efficiency, and its dynamics in depen-
dence of terrain.

These points may be considered as a first primitive definition of applied me-
chanics for offthe-road locomotion. That definition found its expression in lectures
and research which | later published in Canada and the United States (1948, 1956,
1960, 1969). Its very first application to the work performed at the Warsaw Institute
of Technology was implicit in my lectures, in the research plan and in the equipment
of the Laboratory established at the Institute:

1. Treadmill (Fig. 1) for studies of vehicle mode! vibrations and directional stability,

under conditions forced by the “moving road”. The idea was based on work
by Kamm (1936).

2. Soil Bin (Fig. 2) for analyses of deformations of the ground, and of the vehicle
motion, by means of models. General concept of the inquiry was based on
work by Kanafojski (1934).

3. Pendulum-like appartus (Fig. 3) for an investigation of the friction, or other
resistance in track link joints. .

4. Apparatus for investigation of the dynamics and motion resistance of a freely
rotating track (Fig. 4), as a function of track structure, weight, etc.

5. Special appartus patented by Waas which was purchased in Germany with the
purpose of measuring various vibration parameters in three coordinates, XYZ
(Fig. 1).

6. An assortment of instruments such as dynamometers tachometers, stroboscopes,
soil mechanics standard laboratory equipment, cameras, etc.

The three year work at the Warsaw Institute of Technology barely allowed for the
initiation of regular activities. Nevertheless, before the outbreak of war in September
1939, the treadmill, the soil bin, two vehicle models, (one tracked, one wheeled) and
the pendulum type apparatus were in use. Even one of the research projects related
to the resistance of track bending around the link joints, was completed and published
in the “Technika Samochodowa”, a journal of the Society of Mechanical Engineers
(SIMP).

WARTIME INTERMISSION — 1939-1942 :

The interruption of activities caused by the outbreak of war was initially spent
on ineffective popularization of goals, potentials gains, methods and plans related
to the development of the mechanics of off-road locomotion. This was the theme
of my memoranda written at the French Ministry of Armament in Paris in 1940, and
later in my theory of steering tracked vehicles, written in Marseilles.

The theory's novel approach was based on equations of vehicle motion rather than
on the equations of static equilibrium of forces involved known at that time.
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This work was, to some extent, parallel to a study performed at the same time
in England, of which | had no knowledge. Both these approaches were later used at
Stevens Institute of Technology, and were briefly described in my first book published
by the University of Michigan (1956).

Track tension recorder
/

-

7
P

FTEITTT

Track under study.
.

N !

frack propulsion

Torque meters

Fig. 4. Apparatus for measuring motion resistance of a freedriven track.

RESUMPTION OF ACTIVITIES IN CANADA — 1942-1950

The previously described research concepts found a favorable reaction in 1942
upon my arrival in the capital of Canada. The ensuing work was later described in
a voluminous report (1948).

The soft ground performance of vehicles used in the war was rather unsatisfactory,
and this problem overshadowed everything else. In England, a high ranking “Mud
Committee” was established. It cooperated with the Canadian National Research
Council, the Army, and with the American Society of Automotive Engineers in an
active support of my ideas.
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The wartime effort, however, allowed only for attempts to solve urgent current
problems. It was net until about 1944, that | could undertake the long-range research
programs interrupted in Warsaw. The Canadian National Research Council, the Army
and the SAE provided their full sponsorship.

Experience gained in wartime clearly indicated that the continuation of Canadian
tests with vehicle models in a soil bin should be supplemented with more theoretical
studies of the stress-strain relationship imparted by simple models simulating the
action of & wheel, track, or other loading surface.

That approach did not ignore the
existing theories of plasticity developed
by researchers such as Huber, Hencky, von
Mises, Nadai and others, which | later
mentioned in my first book (1956). How-
ever, for purely practical reasons, our
approach was based on theoretical soil
mechanics established by Terzaghi (1944).

The method of analysis of the effects
of loading areas which represent those of
a vehicle was related to the study of prin-
cipal stresses and shear patterns. To this
end a unique apparatus (shown in Fig. 5)
was built at the Canadian Army's Proving
Ground in Ottawa. The device was com-
posed of a box filled with soil acted upon
by a wheel or track model which was
subjected to horizontal and vertical loads.
Soil deformation was observed under the WAL
corresponding stresses by means of a ! 2 e v .
rectangular grid inserted into the soil,
right behind the glass wall of the box.
The grid was made of a dark colored sand. It changed its shape under soil loads.

Fig. 6 shows the scheme of the apparatus which explain its fundamental feature:
during the test the mode! remains under a constant pre-set ratio of horizontal
(H, or HR/r) to vertical load (V). The ratio could be selected by shifting the loading
mass along distances a-b on the main beam. Thanks to this arrangement, the deforma-
tions of the rectangualr grid (Fig. 7) enabled one to apply the then newly developed

method by Haefeli (1944) in order to graphically determine the trajectoires of principal
stresses at the angle of 45-¢/2).

These experiments and the underlying theory led to the formulation of the general
coefficient of vehicle efficiency, expressed in the form of Drag/Lift ratio, i.e., by the
ratio of motion resistance (or propulsion thrust) to vehicle weight in the given medium
of locomotion. That ratio, denoted by H/V, is an universal ‘measure of efficiency
of all vehicles, including those operating in the air and on the sea. Accordingly, the
ground vehicles for off-road locomotion could be evaluated for the first time, at least
conceptually, in the same manner as ships and aeroplanes. Hence, we had already
then a simple “terramechanics” comparable, in principle, to fluid mechanics.

In the late forties this was a fascinating idea, opening a possibility of analyzing
complete systems of locomotion, in the air, on the sea, on rails and’ highways — and
in a roadless wilderness. This was the first glimpse of a possibility of system analyses
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as originally proposed in a pioneering but little known book by Neesen (1940), who
sr]owed how to bring everything under a common denominator of applied .mechanics,
with the exception of off-road vehicles.

The above achievement, however, was limited. Based on Terzaghi’s “stability
problem” solution, it encompassed only the ultimate shearing strength of the ground
postulated by the Coulomb’s criterion. The criteriom defines the maximum shear,
_stress 7 max as a function of normal stress p, cohesion ¢ and friction angle ¢,
in the following way:

T max = ¢ + ptang M
Equation (1) does not include soil deformation; hence it cannot define vehicle
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sinkage, slip and other important parameters. As a result the coefficient of efficiency
H/V is approximate.

Nevertheless, the results obtained
may be considered significant. For in-
stance, analysis of the maximum capacity
of the soil {max. vehicle weight allowable)
and the related horizontal strength of the
ground, ie, the maximum soil thrust,
showed that two distinct cases ought to
be considered:

1. the “grip failure”, and

2. the “ground failure” of soil as de-
fined in my previously quoted report
(1948).

An example of the first kind of failure
can be seen in Fig. 8, which shows a
wheel model tested in the soil bin.

Fig. 8. Wheel model tested in soil bin.

Denoting vehicle weight by V, its ground contact area and dimensions by A=bxl,
where b is the smaller dimension, and the max. soil thrust by H, the efficiency H/V
for a grip failure is:

H/V = (Ac 4 Vtang) /| V = (c/p) + tang (2)
where the ground pressure is: p = V/A = V/bl

For a ground failure, the ultimate efficiency of locomotion is:

H/V = tans
H = bl (n,c + ynyl) sine (3)

Y = bl (ncc + 'ynyl) cosd

where, n, and n, are coefficients dependent on friction angle; v is soil density. The
coefficients were calculated for various ¢'s and published in my previously men-
tioned report (1948), and in my second book (1560).

For the given vehicle weight V, and a ground contact area A—bxl, soil thrust
may be calculated from Equations (3), for the ground defined by parameters c, ¢, 7.
Thus Equations (3) define the vehicle efficiency (ultimate) for the given soil.

The significance of these achievements may be seen in the following points:

e for the first time it was possible to interrelate by means of mathematical
models certain vehicle parameters (V, b, I, A) with generally accepted soil
parameters (¢, ¢, ), and develop these relations into algorithms for the
purpose of calculating the design and performance parameters (H,V,b,1,p,H/V).

Introduction of more detail {omitted here for the sake of brevity), made it possible
at that time to evaluate gear ratios, engine torques, power, fuel consumption and
a more rational vehicle configuration for the postulated terrain as defined by c¢v —
values.
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Fig. 9. Articulated ;paced link track vehicle scale model. F|rst Canadlan prototype
built at Canadian Army Proving Ground, 1949,

Flg 1IJ Canadlan bunlt art:culated \.-'ehlcle fcr Impenal Oll C.

e |n addition, the problem of grouser and spud action was elucidated from the
viewpoint of their traction, in conjunction with the action of tracks and wheels.
Pertinent theories, originally developed, led to the patents of the so called
“spaced link track”.

A mode! of an articulated vehicle built on the spaced link track principle is
illustrated in Fig. 9. Further developments in Canada included the building of
commercial vehicles such as the “Musk Ox” (Fig. 10).

These tracks have underscored and explained the fact that the bearing capacity
of a loading area is not necessarily reduced when that area is made of discontinuous
surfaces, according to certain rules.

Much later this had an enormous influence upon my fostering of tires made of
wire mesh, which were ultimately used with our Lunar Roving Vehicle ((LRV).

Further consequences of progress made then were:

e the morphology of vehicles could be solved on a more rational basis, using
ground parameters c¢v. Generally speaking, calculations showed that a tractor
for wet clay operations should have a light weight and large ground contact
area, i.e., tracks of specified dimensions, whereas a tractor for the same output
for sandy soils, should be heavier, yet allowing for smaller ground contact areas,
possibly tires.

It thus became clear why clayey terrain may exclude tires, while sands perfectly

fit that solution. Such were the first answers to the perennial question: wheel or track?

Knowing the terrain parameters, it is now easy to solve the problem for the great
variety of intermediate soil types as explained in my books (1956, 1960, 1969). The
beginning was made when:

e the first soil measuring devices were built as later described in my report

((1948) and in my first book (1956).

As a historical record, it should be mentioned that the idea of using c¢y para-
meters was conceived independently, almost at the same time, in England, by Mickleth-
wait (1944). His short report, however, was fragmentary and not backed by any experi-
ments. In any case,

e the work briefly described here dramatized the need for establishing and using
additional parameters of terrain, besides c¢y — values: parameters which would
define ground deformation -as function of load.

This problem was most difficult. Theories of plasticity, then in emstence, were

not amenable to parametric analyses of cross-country locomotion (as is the case
today). Only semi-empirical solutions could have been tried.

STEVENS INSTITUTE OF TECHNOLOGY — 1950-1952

The starting point was the work by Bernstein (1913) with which | was roughly
familiar, mainly through the work by Letoshnev (1936).

The original of Bernstein's pioneering paper was found in New York Central Library,
and became the object of my scrutiny at the Stevens Institute of Technology, where
i was establishing graduate courses and the laboratory in mechanics of off-road
locomotion at the beginning of 1950, utilizing all the experience gained in Poland
and in Canada.

‘According to Bernstein, the relation between vertical unit load p and sinkage z

‘of a plate may be expressed by equation:

p = kz%2 @
where k is an empirical coefficient. Its structure was subject of much speculation by
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Bernstein and the others, which satisfied nobody. Numerical modifications of exponent
¥> also were unacceptable, beyond a few cases.

However, the equation proposed by Taylor (1948) for the evaluation of shallow
sinkage of foundations, in the following form:

p = [{k/b) + k] z . (5)
attracted my attention. k. and k. are again empirical coefficients, and b is the
smaller dimension of the loading area. At the same time, | became more interested
in works by Russian students of tractors and agricultural machinery (Goriatchkin,
1936) who often referred to Bernstein’s equation, in the following form:

p = kzn (6)

At the end of 1952, | was hoping that the combination of equations (5) and (6)
might be useful in evaluation of sinkage and motion resistance of a vehicle due to
soil compaction. However, experimental verification of this assumption had to wait
almost two years because my work at Stevens was also devoted to the solution of
many current problems related to the financial base of our operation.

Fortunately, the solution for horizontal loads and deformations of the ground,
imparted by vehicle thrust and slip, could have been solved “on paper”.

As mentioned before, Coulomb’s equation (1) expresses the maximum shearing
stress » max for a certain soil deformation. Since vehicles may work at various, not
necessarily optimum deformaticn jopt, the problem was to define any r for any j.

Experiments had shown previously that for a surface soil shear, there are two types
of function =(j): one which reaches a definite peak and then drops down, and the
other, which upon reaching the peak, practically remains constant.

Theory and experiments peprformed in the soil bin (Fig. 11) also showed that
the horizontal deformation of soil j increases linearly along the ground contact area
of the track, or tire (at uniform ground pressure), in accordance with a simple rule:
i = ix, where i, is vehicle slip, and x is the distance of the considered segment of
the contact area, measured from the front end of the area.

A search for an equation that would fit the first type of shear-deformation curve
disclosed that a curve of aperiodic damped vibrations has a similar form. As a
result, upon changing appropriate coefficients, the ={(j) function was written:

r = [(c+ptan¢)/Ymax] [exp (—_Kg-{-VKzZ——l)Kliox —expl— Kz-—\'K22-—1)K1iox] 7

where Ymax is the maximum value of the function enclosed by rectangular brackets

‘1. Ki and K. are slip paramsters. Equation (7) applies to brittle ground such as
hard silt, compacted wet sand, frozen ground, or snow as well as soil covered with
a blanket of vegetation.

Since, in a number of cases shown later by experience, many soils display the
second type of =(j) curve, a simpler equation of a well-known form could have been
used: 1-ex. Upon the transformation of pertinent coefficients.

T = (c+ptang) (1 — edx/K) (8)
where, K is again a slip parameter. Equation (8) applies to sand, loose sandy soils,
and to granular masses such as snow at low temperatures.

The method of defining K;, K. or K by fitting the functions, Equations (7) and (8)
into the experimental functions 7(j) was elaborated between 1950-52 and published
in world literature, for instance in the book by Soltyrfski (1966).

These were the results of research work at Stevens. From the practical viewpoint,
besides reviving the Concept of Articulated Vehicles (Train Concept), perhaps the most
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Fig. 11. General scheme of studies and respective tasks with related disci

selection of a vehicle.

41




important was the two year teaching of the Mechanic;s okafI-Rtoa: irl;oc\;\c,)::;);wna :(’;
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Graduate School, which was a natural extension o .w : .
t)zeth:rzxperience gained in Ottawa. The course was published in the form of my first
iversi ichi 1960).
the University of Michigan (1956, 2nd ed., -
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ractical solutions in the Research Office o  Un ‘
zggiisn it became evident that further progress depends on organization of systematic
on a scale larger than ever tried. ) N
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lecturing, and discussing the problem definition, the method of approach, organga g)n;
cost etct with the purpose of clarifying, on a broader forumz all the ‘pros an Zelf-
in r:aspec,t to the proposed inauguration of off-road locomotion research as a
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tion of the main lines of thought is shown in Fig. -11. . ‘ f N
Research as such was limited, in the meantime, to the c;n’zg;ua;nc;ln c_)ngw:he
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where kc, k¢ and n are again empirical parameters to be used in fitting the theoretica
curve in’Eo the empirical one, for plate penetration z under pressure p..
In order to check if parameters kckgn enable one to fith th_e ex;_aerlm.ental curve
in Ec?n (9), | used a voluminous set of data found in civil engineering literature on
and i i d foundations.
loads and sinkage of various plates an
The calculations confirmed the basic soundness Pf_Eqn. 9) and t'he atiiequacy
f using only three parameters kekgn, in the curve fitting process, which asc: was
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('8) angiéz)r:geflﬂ mosZic of “parameters” selected either arbitrarily, or to.o ngorgtll'xlslry{
;n avarious types of terrain. This has led to a conglomx_arate of solutions wi t(_)u
c?)rhesion or common denominator. As a result, parametric analyses of locomotion
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systems, within the statistical variety of terrains, was not achieved with these
approaches.

Equations (7), (8) and (9) apply to any environmental conditions of terrain. They
display exponential functions, as these seem to serve the propose best. Undoubtedly
tor this reason the Russian researchers, as | learned later, accepted terrain value
equations which are conceptually identical though based on hyperbolic functions.
As is known, however, the latter are merely combinations of exponential functions.

This underscores an obvious fact that empirical curves of horizontal shear and
vertical soil compression may be fitted with any desired type of theoretical function.
What matters in such cases is the question whether the effort of handling more
complex equations and more cumbersome soil measuring procedure will pay off in
terms of more accurate prediction in engineering systems evaluations.

During the period 1953-54, the concept of off-road mobility research. became more
general and inclusive as shown graphically in Fig. 11. The organizational-functional

scheme also was better adapted to a more mature methodology and to more precise
programming, as illustrated in Fig. 12.

[ 0ff-the-Road Locomotion Research

Adv;sory Administration
Commitee

Theoretical Dept, [ Laboratory Fielc Test Dept,
' l J_,i
— ' ] Ride Field Terrain
Vehicle Soil Soil dyna- e Study
Mechs Vech. bins mics T
Fudblica
Shop tions

Fig. 12. Typical functional chart of an Establishment for Off-Road Locomotion Research.

LAND LOCOMOTION LABORATORY — DETROIT ARSENAL — 1954-1960

In the mid-summer of 1954 | was given the mission of establishing a new
laboratory in Detroit, the center of automotive industries. Basic equipment and
methodology were in principle unchanged.

During the early organizational period, much time has been spent on teaching
a new approach to the old problem, on the experimental verification of Eqgns. (7), (8)
and (9), and on the development of algorithms for evaluation of design and per-
formance parameters of a multitude of vehicles, missions and terrain environments.
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Measuring soil parameters kckgn coKiKs, or K by means of instruments cailed
the Bevameters, enabled one to validate many practical solutions. For instance, the
motion resistance of a vehicle Rc, caused by soil compaction to depth z could be

expressed by means of equation:

o)
R“S (Op db dz
¢ o} 0

which could be integrated for the given p(z) as expressed by Eqn. ).
Soil thrust for vehicle propeulsion, at width b and length | of the ground

contact area, is:
b
Hmax=5 T, db dx
0’0

Approximate useful power HPi, of a tractor measured on its towing hook at vehicle
slip i, may be expressed for speed v by the following formula:

HPi, = (H — R) A /1 - io) (12)
and the efficiency of locomotion, H/V, now including locomotion losses in the ground,

1S

(10)

(11)

n+1
H/V = (c/p) + tane — (ke+ bko) 2 /n+ 1)V (13)

Equations 10 through 13 are a narrow example at an inexhaustible variety of
mathematical solutions, naturally subject to refinements, which are based on beva-

metric parameters of soils.

One of the bevameters designed for field exploration is shown in Fig. 13. It is
mounted on the second unit of an articulated vehicle, along with a terrain roughness
measuring device. The front unit was instrumented with data processing equipment.

Methods of determining ground parameters from bevameter data were described
in general solutions for any medium of locomotion, at least from the methodological
theory on land locomotion (1956) and on «Terramechanics” (1960), illustrate the point.
Other references, in Spanish, German, Russian, ltalian, Japanese etc., could be cited.

The problems related to a rigid wheel, tire, track, sleigh, etc., were worked out
in genral soluteions for any medium of locomotion, at least from the methodological
viewpoint. In most cases uniform, semi-inifinite masses were considered with satis-
factory accuracy. Stratified ground produced similar results for lighter vehicles, with
shallow sinkage. Heavier vehicles considering stratification, produced problems that
led to complex, not entirely explored solutions. Better bevametric solutions were
worked out later and published in detail in my papers (1969, 1978).

Much effort was spent on defining more rigorous solutions based on theories of
plasticity. Again, however, even with the help of the experts from Brown, New York,
Syracuse Universities and the University of Michigan, and Rensselaer Polytechnic,
it was concluded that the considered methods do not yield themselves to practical
treatment of parametric analyses. On the other hand, these analyses, based on
semi-impirical methods described here, served fairly well in the solution of such
problems as articulated vehicles (Fig. 13 and 9), which, in turn, contributed to their
popularization. The “gpaced link” tracks also found applications, perhaps not in the
ideal form but nevertheless in an “open” structure that often departed far from

traditional patterns.
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the dynamics of vehicle vibrations. i
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thznl uaecc;fmT;chn?logy 1;_1 1950-1952 also treated the subject superficially, which was
¢ on-place. For it was the soft ground, not the h rrai i
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t t . ion, the deterministic treatment of vehi
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cbstacles, had limited applications. And fi el
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couraged lenghty, tedious calculations with i i o i
et et ith inacurate sliderules. The computer was
b I:_ was not until tl.1e introduction of stochastic methods for treatment of statistical
bl rational ou?put of |rreg'ular exciting functions, which was worked out in the Fifties
bé’ naval arcr_utects and.alrplane designers, that practical solutions of terrain vehicles
h j:ame possible. Work Il.’l t!qat area, was initiated in our laboratory, in 1955, with the
elp cif Purdue_ and Michigan Universities. Around 1957, the first instrument for
mea'su.lng terrain roughness was built ((Fig. 13). Also an experimental set-up of a
(\j/ehlg_le modul_e and of a_stretch of wooden “road” with a ‘known’ power-spectral
inir:zglyjlgir\:\;asthlnstalled. This arrangement served an exploratory-tutorial purpose of
ose concerned into the new field of i i
well-known relationship: e .

S () = [H () |25() (14)

where € () and S.}{w] are power-spectral densities for the excited vibration functions x,
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Fig. h13. Artlculatgd trac!( vehicle carrying a soil measuring bevameter, a terrain
roughness measuring device and ancillary equipment — built for US Army.
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and the exciting functions f; H(w) is the Transfer Function whih depends on mass
distribution, geometry, and elastic and damping properties of the vehicle, including
its configuration.

As far as | know the Detroit Laboratory was the first organization devoted to
off-road locomotion which initiated the new approach. Today, it is commonplace in
the studies of vehicle dynamics.

Interest in the Laboratory’s work was of international character. Travels, meetings,
visits, apprenticeships and conferences attracted professionals from Europe, America
and Japan. Even one of the doctoral theses of the University of Michigan was com-
pleted at our laboratory. The University of Michigan established a graduate course in
the mechanics of off-road locomotion, which | taught as a special lecturer, commuting
between Ann Arbor and Detroit. Other Universities have been using our written
materials for regular lectures or special courses.

These activities were very stimulating. During a visit by Italian experts, for
instance, | learned that Garbari (1949) had proposed during the last war solutions
for tracks and wheels which were conceptually similar to our. This led to a closer
cooperation with [taly. As a result, | had an opportunity of presenting at the Univer-
sities of Bologna and Milan, and at the Turin Institute of Technology, an outline of
the newly emerging discipline with the recommendation for organizing a First Inter-
national Conference, and for the establishment of an International Society for
advancement of our studies on a broader scale.

The year 1960 was most significant because of the United States decision to land
the first man on the moon within the decade. In an anticipation of a possibility of
using ground vehicles for lunar exploration, | conducted and evaluated the first
bevameter tests of granular masses in a vacuum, at Cornel Aeronautical Laboratory.

Although the practical result of these tests had little significance, if any at all,
the exercise had a didactic effect, and called attention to the problems which did
not exist on our planet. Shortly thereafter, | accepted a new position at General
Motors Corporation, with the mission of establishing and organizing a laboratory for
ground mobility research which included studies on lunar surface locomotion.

GEMERAL MOTORS CORPORATION — 1960-1970

Starting the new venture at General Motors Corporation coincided with the end
of my intensive preparation of the First International Conference on Terrain-Vehicle
Systems, which took place as planned in mid-1961, in Turin-St. Vincent. Favorable
reaction to the Conference, attended by some 200 engineers and students of the
problems involved, broadened the circle of those interested, and incresed the inter-
national cooperation.

With the goal of advancing the discipline, the International Society for Terrain-
Vehicle Systems (ISTVS), was established. The Charter of the Society was. written
and recorded in Durham, North Carolina, which since has became Society's legal seat.

In the meantime, the new Laboratory at General Motors required new approaches
and much thought. The old philosophy which affected the establishment of similar
work at Detroit Arsenal was based on attempts of integrating a variety of disciplines
(Fig. 11) such as automotive engineering, theoretical mechanics, soil mechanics, physics
etc. The integration aimed at a more precise definition of the mechanics of off-road
locomotion based on bevametric ground measurements. The ongoing realization of
such mechanics resulted in the occasional treatment of the problem within complete
terrain-vehicle systems of statistica! nature. Consequently, the philosophy of estab-
lishing the new activity at General Motors was more far-reaching and more precise.
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e Experimental self-propelled model of the Surveyor Lunar Roving Vehicle (SLRV).
L Exp?rlmen‘tal chassis of MOLAB (Mobile Laboratory) vehicle built for NASA-
Boeing (Fig. 17). The vehicle was to explore the moon for two weeks with two
astronauts aboard upon completion of the Apollo flights. ‘

Fig. 15. Partial view of Ground Mobility Research Laboratory, General Motors Corpora-
tion, Santa Barbara, California.

Another appartus based of a free fallin gcounterweighted soil container, equipped
| values at g/6, i.e.,, at moon gravity.

with the bevameter, enabled one to measure soi
The following projects were completed within NASA programs: ¢
o Automatic bevameter for work on lunar surface as a part of equipment of a

small, remote-controlled vehicle built within reguirements of “Surveyor” pro-

gram (Fig. 16).

e Tt A

X

- Y H - o e T

Fig. 16. Lunar soil testing bevameter, built for the NASA-JPL Surveyor program Fig. 17. Full-size prototype of the Molab vehicle.
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Fig. 18. Lunar Roving Vehicle prototype being testing.

o [ntensive analysis of many Terrain-Vehicle Systems for locomotion on lunar
surface. My contribution in that respect was initially published, among others,
in a collective book (1967), and was continued, with short intervals, until General
Motors was awarded the Lunar Roving Vehicle contract with Boeing. Fig 18
shows a prototype being tested in a desert environment.

e Fig. 19 shows the LRV during the Apollo 15 lunar surface extra vehicular activity
at the Hadley Apennine landing site.

e Current programs in the evaluation of Vehicle Mobility on this planet, which
included among others, much experimentation with articulated vehicles. An
example of work in that area may be found in my report on optimization of
locomotion systems. (1969a).

These programs were based on additional supporting research within the following

areas:
e simulation of lunar soils with a variety of granular masses, structures and

compositions, which corresponded to the gradually increasing state of knowledge
of the surface of the moon;

e determination of ground deformations and loads for stratified soils;

e study of ground deformation under dynamic, repetitive loads. The problem was
related to the construction of a lightweight bevameter whose working model
was completed;

e Study of PSD functions for various surfaces of terrain, and various vehicle
configurations;

e study of power losses in vehicle suspensions on uneven terrain;

o study and limited application of the theory of similitude, in the use of small

scale vehicle models monitoring theoretical predictions.

New ideas also were put into practice. Perhaps two of them appear particularly
interesting.

As mentioned before, at the beginning of studies on lunar lscomotion, wild ideas
often permeated professional thought. In spite of controversies, however, our work
showed soon that a regular 4, or 6-wheel vehicle configuration is the only rational one.
This | had advocated quite early, without unveiling the details to our competitors, in
a paper read in New York at a Congress of the American Rocket Society, in 1961.
The wheel concept was then crystallized as a basic running gear, as described later
in my article written with my colleagues in a collective book (1967).

Since physico-chemical phenomena prevailing on the moon surface were not
quite understood, the rubber tire was never considered. Studies have shown that an
apprcpriate metal mesh produces optimum elasticity at the given load and the mini-
mum wheel weight, thanks to 1/6 lunar gravity. Strength and durability as well as
cther wire tire properties were investigated on a circular treadmill and in a high
vacuum on another circular test stand. Studies were performed. pertaining to the
bearing capacity of tire mesh in granular masses. My theory related to the previously
mentioned “spaced link track”, and to the bearing capacity of “open” surfaces, proved
most helpful.

b B R RN ey e ;,_... O
Fig. 19. Astronaut Scott with the Lunar Roving Vehicle on the Moon Surface.
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When we had a meeting with the first two men who walked on t_he moon, the
astronauts Neil Armstrong and ‘Buzz’ Aldrin, Armstrong expressed doubts if a wire-mesh
tire makes sense. In a serious discussion, various opinions were voiced. At one moment
Aldrin faughingly handed me the sketch of a wheel with booted‘fe_et which replaced
the usual spokes. (Fig. 20}, and asked why not make something similar. In an answer,
| jokingly requested an “official order” which amid general laughter‘ was handed to
me, in the form reproduced in Fig. 20. The wire mesh tire was not rejected.

The engineering of the tire was an enormous technological undertaking which
upon my, retirement, was taken care of by one of my closest collaborators.

.. MG Bemner

| o

- L DEsiert
Ac,rnmm‘ CorcerT Far A \WHEE
Fen A LUNAR Rovime VE NIcLE,
/ ' T Enrark
Proprem :  Hew wew Wit n? OrERa
Gormg  TPAcCHwARDS

Fig. 20. Some fun in a serious discussion (Houston, Texas, on Feb. 3, 1970).

The second idea which may deserve mention refers. to the. invention of the so
called “elastic frame”. Details were described in my patent gssngned t.o the Generajl
Motors Corporation (1962). Vehicles based on this idea_essentlally con5|st. of an arti-
culated body whose elements are connected with elastic rods or flat springs (frame).
Such a vehicle can overcome terrain obstacles in an unprecedented manner,
hitherto unattainable by any existing solution of the same envelope, length and \{velght.

Numerous * terrain tests confirmed the laboratory tests as .spown_ in Fig. 21,
A vehicle of this type was seen by millions at the World Exposition, in New York:
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it was endlessly crossing the lunar landscape, which | helped to plan and design.
The vehicles built for NSA-JPL, and for NASA-Boeing, were based on the “elastic
frame” concept.

At the time when the roughness of lunar surface was not- known in the scale of,
say, 0.5 meter, and when the vehicles were to be remotely controlled, the “elastic
frame” concept was a top candidate for Surveyor and Apollo Iunar landings. Although
the lunar terrain’s relative smoothness determined from Surveyor and confirmed by
Apollo landings, did not require such an acrobatic performance, the idea of articu-
lated vehicles based on “elastic frame” did not lose its merit. It is still, in the
opinion of many professionals, a unique solution for remote controlled operations on
the stony, rough surface of the planet Mars.

EPILOGUE
Work done between 1960 and 1970 appears to have demonstrated that:

® the mechanics of off-road locomotion based on bevameter techniques produced
practical results in the solution of problems, not only on this planet, but also
on the moon.
® Such mechanics enables the conducting of parametric analyses of terrain-
vehicle systems, based on a common denominator reducible to other mechanical
systems.
The block diagrams, Fig. 22 shows a general, simplified flow of information and
its content required in performing system analyses. Their merit lies in the possibility

s o s iy

i )
i ik i i

L

Fig. 21. Prototype of articulated elastic frame vehicle in obstacle performance.
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of selecting from a number of alternate solutions an optimum solution on the basis
of cost-effectiveness.

The future depends on the increasing accuracy of predictions, within the statistical
range of environmental changes under consideration.

That seems to close one chapter of a search for Applied Mechanics of Off-Road
Locomotion in System Analyses. Improvements and work in depth appear to dictate
the contents of the next chapter.

That is the direction | tried to follow upon retiring from the General Motors
Corporation in the mid 1970's. The first year, | worked as a full time consultant to
the Corporation, completing the unfinished projects, which included consultation in
the development of the Lunar Roving Vehicle (LRV).

Later, in addition to free-lance consulting and lecturing, I tried to trace the main
lines of some developments in the following areas:

e repetitive ground loading and deformations;

® tires in a stratified ground;

o tires in a shallow snow layer;

e tracks in an “organic” soil (turf, muskeg etc.);

o automatization of bevameter data collecting, and computerization of data pro-
cessing in a statistical form (already accomplished by Carleton University in
Canada, in respect to data processing).

Details on the above subjects were published among others, in material prepared
for the summer courses for engineers taught at Canadian and European universities,
between 1974 and 1978 ((ref. 1978). These references together with my three books
(1956, 1960, 1969) represent a continuing pragmatic activity, started in Poland, developed
in Canada and completed in a broad outline in the United States.

With the existence of the International Society for Terrain-Vehicle Systems, the
future seems to have potential. | rest my case with some hope and expectation of

progress.
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ADAM CHRZANOWSKI*

NEW TECHNIQUES IN MONITORING
GROUND SUBSIDENCE IN MINING AREAS

Introduction

Ground subsidence occurs for all types of mining: underground, open pit, oil
extraction. The empty spaces created by the extraction of the minerals produce caving,
fracturing and collapse of the above lying and surrounding rock masses. Depending
on the depth of the exploitation and on type and mechanical parameters of the rocks,
the effects of the exploitation on the terrain surface may range from cavings and
crevasses to the creation of gentle subsidence basins. Foundations of buildings crack,
highawys collaps, and mountain slides develop. The changes in the rock structure
affect the level of the underground water thus further aggrevating the subsidence
problem. According to estimates of the U.S. Bureau of Mines [11] over 1.5 million
acres of land, in the U.S. alone, will be affected by the mining subsidence by the
year 2000, resulting in property damages of at least $2 billion. Oil extraction in
California causes surface subsidences of up to 6 metres, resulting in changes of the
water levels which in turn produce destructive changes to the environment.

Uncontrolled mining subsidence is not only dangerous for human lives of those
who work in the mines and of those who live on the surface, and not only for
underground and surface construction and for the environmental changes — but it
is also dangerous from the point of view of mineral economy. Many mine companies,
which look only for a large and quick profit, start the extraction of the minerals from
the thickest or easiest-to-reach deposits, thereby very often undermining poorer but
still very valuable overlaying deposits. The broken strata above mining workings
produced by the original exploitation makes it very difficult or impossible to come
back to the same area to mine other deposits later on.

Knowledge of subsidence behaviour provides for better economic planning and
execution of the mining exploitation, higher safety and optimum use of the resources
without ruining the environment. In addition, when considering subsidence generated
by petroleum exploitation, the monitored (measured) subsidence, combined with
geological information and a suitable prediction model, can provide data on the
expanse of the oil field and thus aid in the estimation of available resources.

Subsidence monitoring has been an important task for many years in Europe
where minerals become very scarce and are being exploited under densely populated
areas. In most of the countries with a developed mining industry monitoring of the
ground movement is compulscry. It is usually done by surveyors in cooperation with
specialists in rock mechanics. In Canada, due to the remote location of most of the
exploitation areas and vast mineral resources, subsidence monitoring has been
neglected without causing .too many visible problems, except for a few mountain
slides, such as near- Frank, B.C., where a village was buried.. For .obvious reasons
mining companies in Canada, even if they do some monitoring, are not eager to
publicize their findings. N

The growing awareness of our environment, as well as the fact that our dwindling

*University of New Brunswick, Fredericton, N.B.
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resources eventually have to be exploited beneath populatd areas has generated much
concemn and interest in the subject.

The Department of Surveying Engineering at the University of New Brunswick
specializes, at the national level, in mining surveying and rock deformation measure-
ments as part of its research activities. An integrated survey system for monitoring
mining subsidences is being developed under the author’s supervision as part of the
research programme including a unique telemetric monitoring system which has

already been constructed.

Theory of the Mining Subsidence
Different authors give different theories and equations to describe the subsidence

profile and to calculate the deformation parameters. Some of them are based on
mechanical theories of dynamics of elastic bodies (12), other based on analogue
modelling of the geological strata. and a number of so-called geometrical theories, for
instance; Knothe's. (7), Kochmanski's (3) and Kowalczyk's (9) theories, which are based
on empirical data obtained from rock mechanics and geodetic measurements per-
formed on real subsidence examples, Kratzsch (10) gives a good review of all the
basic theories.

Despite the large number of different theories some basic findings are common,
or differ very little from one theory to another, particularly in a case of regularly
bedded deposits such as coal deposits.

Generally it is accepted (9) that if the depth of the deposit is larger than about
100 m, a continuous subsidence basin (subsidence trough) is created on the surface.
A profile of the subsidence takes the form of a regular exponential bell-shaped
(Gaussian) curve if the rock formations are continuous (Fig. 1).
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Figure 1 — Subsidence Basin.

When a large area equa!l to the so-called critical area is exploited, then the value
of the subsidence achieves its maximum value Wmax, which is usually calculated
from:

Wmax — a - g
where ‘a’ is the subsidence coefficient mainly dependent on the exploitation method
and ‘g’ is the thickness of the exploited deposit.

The value of the coefficient ‘a’ averages:

a — 0.5 for caving methods of expploitation without any pillars
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a = 05 when using dry stowing
a = 0.2 when using hydraulic back-filling
a = 0.03 for 50% strip and pillar with hydraulic back-fill.

If a larger than critical area is exploited the b i
ell shape curve of sub
becones flat at the bottom with Wmax = const. over the flat area Bidgnce
he subsidence above the edges of the exploitati i ' i
i ‘ ploitation is equal to approximatel
0.5 Wma.x. _Usually thg points which show only about 1% of Wmax are taken as bein)g,
Et ’fhe ilrrlts (;ftr:chel influence of the exploitation. The angle g (Figure 1) between the
orizontal an e line joining the limiting point with the ed itation i
e imting angle edge of the exploitation is

The value of g is larger for soft and/or elastic

The ; rocks than for a
Batkiewicz (1) gives the following values: sirong strata.
'8, i 300 — 66: for plastic_ or very broken (due to a previous exploitation) strata
g = 34° <+ 48° for a medium strong strata, for instance 50% of shales and 50% of

sandstones '
g = 23° -+ 34° for very s_trong strata, for instance solid sandstone or limestone.
fnom.e other authors give larger values of g, usually between 55° =+ 75°

Maximum strains ¢ (Fig. 1) occur at the points of maximum .

\ : F curvature of the
subsidence profile. According to Knothe (7) these points are approximately at distances
of_ (_).4r from the edges of the exploitation where r represents the radius of the
critical area, and is calculated from:

' r=H-.cotg
where H is the depth of the exploitation.

T_he aboye general fingings and the computational theories apply to horizontal
or illghtbly t|n‘;:5hned“dep051ts (up to about 15° dip). For steeply inclined deposits,
up to abou °, all the deformation parameters are shifted to i ,
angle approximately equal to: wards the dip By an

_ . Xx =07 a
where o is the dip angle as shown in Figure 2.

Figure 2 — Subsidence Profile for Inclined Deposits

59




i i trical with the steeper profile
e subsidence profile becomes then uqsymme i :
abovTahthe upper portion of the deposit and with the prolonged profile ?[ndS eb)gsgrc:‘z:
in di i i i f the deformation parameter
i e in direction of the dip. Calculation o _ : .
mfj;r?nr%ore complicated. There is not yet enough experimental material available for
even approximate methods. ' - ' _
In “virgin” exploitation areas where no previous exPer|mentaI dat:a is avalli?éz
one may. try to predict the surface deformation on a basis of tlhet.physl?l p;%;;?;ing
s : i i the behaviour of elastic-plastic bodies applyIng,
of rocks and mechanical theories on G S|
i ini i thods [13]. However, it wou e
for instance, finite element calculation met ; i
deformation parameters without any
to rely only on the precalculate atic _ . gads Lo
itati f the subsidence is equally 1mp
loitation. Therefore, a careful monitoring of : :
'?'?tﬁzp“virgin" areas where no subsidence theories exist as well as,‘ a c_he;:k lrr:]etn}li
areas where a reasonably good agreement between a theory and actual displace
may be expected. '

ds of Subsidence Monitoring . o .
Metl}?qiie are basically three types of monitoring approaches, classified according
to the methodology and instrumentation employed, namely:

— conventional geodetic surveying |:nethods
— p‘hotogrammetry and remote sensing
"' rock mechanics methods. o ‘
Often ;everal of them are combined in a more comprehensive approach, as each
i ifferi hortcomings.
offers advantages while also suffering s N .
The conventional geodetic surveying methods are usuahlly limited to gfeom?:]r;;: ?nr
trigonometric leveling surveys only though horizontal dl_T_EIacemE?;czy oreqsﬁements
' i f equal importance. The acc r
the subsidence areas are sometimes o ] ot e T
ict itivi f the surface constructions an
are dictated by the sensitivity o urf N ST
i i ling should assure the a

ted deformations. For instance, leve _ e

3);2::meination of the absolute subsidence of selected points to be 1% of the expecte
i subsidence or better. . . .

maXl'P;inLorizontal surveys, usually in a form of mlcro-_geodehc net\{vorks with metasrsuarﬁg

angles and distances should allow for determinations of slt(;imt c100m5p032:1 i

i i i ith accuracies ranging from o 105 o '

relative displacements of points wi acie . o o meies
i toring stations. Generally,
£ 50 m to 200 m between the moni ; | .
dlStar:aceese(a)sily achieved with the present technology lf proper techmquets_ areesjﬁc;
I_nayt squares adjustment and proper statistical evaluatlc?n of the deforma.lon rv in'
asaZescqribed for instance, in [6] should always be applied to the geodetic surveying
ethods. o

" In many cases the geodetic surveys allow for the detgrmlnatlon of t:e.dabs;)llilr'::
displacement of the subsidence area in respect to stable points located outsi e ici’:oring

alrsez of the mining influence. It is an advantage over the rock mechanics mon
sySte!\ﬂn;1$i}\ disadvantages of the geodetic survey methods are: slow. field :Srscigutrﬁz
hich do not allow for an instantaneous “capture” 9f the.d.ypamlc proccontirmous
wining subsidence, comparatively high cost and |m.possub|||ty for. :. o oy
monitorir:g of the subsidence. Advantage of the geodetflct;urveysveayrse. | r:ga "

imi ibiliti i | checks © e sur
unlimited), possibilities of |nterna. ! of
fia;gilg;Zd network of points) and conected with |t,I reha:)mt)" O:nﬂliereg:':g.rnination o
i i t role not only
eying methods play an lmportan- | . ‘

the 1g-}:c()aur?clijr\slu)t;siience but also in the determination of the deformations of man-made
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structures and underground workings affected by the mining exploitation. In these
cases, the accuracy requirements exceed sometimes the abilities of the present
conventional survey technology and special techniques and instrumentation must be
developed. In the last few years, the author and his associates - developed and
constructed prototypes of several instruments for the high precision deformation
surveys such as the Laser Optical Plummet [2], Laser Level [31, and precision alignment
systems [4]. Other metrological tools such as laser interferometers and hydrostatic
levels are becoming a part of the surveying techniques. Therefore, a distinction

between the surveying methods and methods used in rock mechanics measurements
is rapidly diminishing.

Photogrammetry and Remote Sensing — This type of monitoring has two distinct
adavantages over the others, namely a true area coverage and a complete recording
at a given instant. it is therefore frequently used in addition to other methods.

The first aspect is purely interpretive. Changes are observed and recorded without

direct measurements, although sometimes a motion parallax between epochs is
evaluated.

Data obtained from different remote sensors provide additional information such

as temperature changes caused for instance by warmer air escaping through cracks
in the ground can also be utilized.

When using photogrammetry quantitatively, several approaches can be applied.
The comparison of contour plans of different epochs provides an excellent overview,
is however restricted in accuracy to about 0.2% of the flying height (when using
a precision plotter), or a few decimetres on the ground. This may however, be useful
when selecting areas of a more precise survey. The big advantage of photogrammetry
is that ‘one can go back to previous epochs if subsidence has: occured at an unlikely

location. With all other methods, this is impopssible. Here the complete and permanent
record of an instant may be invaluable. '

Similarly to conventional surveying, point measurements can be performed using
a comparator or profiles measured. If the latter is done on an analytical type plotter,

accuracies of 10um and less in photo scale can be achieved, which means that ground
accuracies of better than 10 cm are quite feasible.

— Rock Mechanics Methods — which utilize such instruments as tiltmeters and
strain meters do not directly monitor absolute ground movements or subsidence
profiles. This information must be derived and “extrapolated” from local on-site
detections of either strains (strain meters) or tilts (tiltmeters).

When choosing the type of rock mechanics instrumentation, tiltmeters offer an
okvious advantage over the strain meters in subsidence determination because tilts

may be much easier translated than strains into elevtion changes between two
tiltmeter stations.

If several tiltmeters are located along the profile line of the subsidence basin
(Fig. 3) then the subsidence on any part of the profile can be determined by simple
trogonometric relationships. For instance, if the tilts « of the terrain are measured in

seconds of arc at points 1, 2 and 3 (Fig. 3) then the subsidence h4 at point 4 in
respect to point 1 can be calculated from:

h, = L1 F %S, + ayxSy

pH
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Figure 3. Use of Tiltmeters in the Subsidence Determination

or generally for a point n:

n-1
I a,S,
h =4i=1 131

n o

i i " Is 206265"
where Si are distances between i-th and (i4-1th tiltmeters and p” equals
(1 radian in seconds). '
If we assume that all tiltmeters >
deviation of the tilt measurement) anc} ’fhe dis
a high accuracy) then the standard deviation of hn ca

i cy (standard
have approximately the same accura '
0 tances are errorless (measured with
n be calculated as:

For instance, if me = 5" and all the distances in Fig. 3 are equal to Si = 100 m then
the error of h4 in respect to the station 1 is:
5"
™ T 206265

eters (called also electronic levels) available

i i f the
say $2,000) offer high accuracne_s,lo
prasgyed though they may exhibit some

Y30 000 = 4 mm

There are different types of .tiltm
in the market. Even the inexpenswt'a o _
order of 2-3 seconds of arc in sensing the tilt angle,
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systematic drifts of the indications. The highly stabilized tiltmeters, with accuracies
better than 0.1 second may cost as much as $20,000 or even more.

it has to be pointed out, that the use of tiltmeters for the development of a
prediction theory of the terrain subsidence is, to a large extent, limited to the regular
and continuous subsidence conditions as shown in Figure 3.

If the mining exploitation would produce abrupt profile changes and breaks of
the ground then the information supplied by the titmeters could be misleading or
even useless for the calculation of the subsidence.

The big advantage of rock mechanics instrumentation is that it can be hooked
up to continuous recording devices or else be interrogated at any desired time via
telemetry. Thus a continuous monitoring in time takes place.

A Telemetric Monitoring System

Upon request of the Canada Centre for Mineral and Energy Technology, a telemetry
system for continuous monitoring of ground movements has recently been developed
by the author together with computer science and physics experts, namely Dr. B. Kurz,
A. Makosinski and Dr. W. Faig.

The system was developed to operate in a high mountain area in Western Canada
to monitor ground subsidence all year round above a mining exploitation. Subsidence
of a few metres and tilts of the greund up to one degree had been predicted for
the area.

The monitoring system is based on the aforementioned concept of measuring
ground tilts with electronic tiltmeters of a servo-accelerometer type at selected points
above the exploitation area. The mechanical tilts are then transduced into electric
signals which in turn are changed into radio frequency signals and transmitted to a
master receiver unit located a few kilometres from the site.

A small computer, from which the titmeter stations can be interrogated at any
time, is located at the master station. It has been designed so that it can be hooked
up to the public telephcne network, therefore, to any large computer at any location
across the country.

The system is also designed and constructed so that it can turn itself off after it
has been interrogated by the master station. This ensures that the unit's power base
(gel-cells) lasts over the winter when access to the instruments is impossible. During
that time the other monitoring methods are not applicable due to snow cover and
other adverse local conditions. In the summer times however, the area is being flown
for photogrammetric evaluation and small geodetic surveying program is carried out ‘as
well, as a part of the aforementioned integrated survey program.

Since September of 1980 the telemetry system with 10 tiltmeters successfully
operates the test site sending useful information about the ground tilts. Details on
the design and construction of the system are given in [5].

Fig. 4 shows the schematic cross-section of the field monitoring station consisting
of the tiltmeter and its micro-processor based slave unit.

The interesting aspect of this system is that it can be used to monitor more than
just ground movement because other sensors may be connected to the slave units.
Several mining companies are showing interest in using it to monitor underground gas
content, temperature, air flow, etc.

Development of the telemetric unit has been funded mainly by the Canada Centre
for Mineral and Energy Technology and partially by the National Science and Engineer-
ing Research Council. The research on the development of new monitoring systems
continues.
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Fig. 4. Layout of the Field Station
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d wptywem eksploatacji

W. CZERWINSKI*
WIATRAKI PRZYSZLOSCI
WSTEP

Wzrastajace w przyspieszonym tempie zaludnienie oraz konsumpcja paliwa przez
kraje wysoce uprzemystowione, doprowadzily sytuacje energetyczng na catym éwiecie
do kryzysu. Dobrobyt graniczacy ze zbytkiem obecnej zmechanizowanej cywilizacji
jest w przewaznym stopniu oparty na plynnym paliwie. Cieszac sie beztrosko tym
dobrobytem, bogate spoteczefistwa popadly nagle w catkowita zalezno$¢ od kilku czy
tez kilkunastu krajow produkujacych plynne paliwo. Wielka prawda gtoszona od lat
przez przewidujace jednostki, pokazata nagle swoje bezwzgledne oblicze; ilo§é plynnego
paliwa jako zasobu naturalnego jest ograniczona i przy obecnym stopniu zuzycia nie
wystarczy nam na dtugo.

Ta $wiadomos¢ w potaczeniu z réznymi komplikacjami politycznymi, spowodowata
kolosalny wzrost ceny paliwa surowego. | tak, w roku 1973/74 cena ropy naftowej wzrosta
nagle z $3 na $12 za barytke (okoto 137 kg.). W siedem lat pézniej tj w roku 1980/81,
cena ta waha sie obecnie pomigdzy $36-42 za barytke, czyli prawie 14 razy wiecej anizeli
w roku 1973.

Ten niestychany wzrost ceny spowodowat wielkie zaburzenia ekonomiczne na catym
Swiecie, nie przyniést jednak opamietania sie, ani tez zrozumienia catej doniostosci
tego faktu. Samolubne bogate spofeczeristwa, oraz nieudolne rzady narodéw korzysta-
jacych z tego chwilowego zbytku, nie sa w stanie ogarnaé i zrozumieé catej powagi tej
prawdy oraz jej skutkéw na juz bardzo niedaleka przysziodé. .

PrzejScie z jednego rodzaju frédia energii na inne na razie jeszcze nie catkowicie
technicznie rozwiniete, nie da si¢ uskutecznié w takim czasie, jaki nam jeszcze
pozostat. Ogdlna wiara, Ze technologia potrafi rozwigzaé kazdy problem szybko, i ze
to zalezy tylko od iloci pieniedzy wstrzyknietych w dane zadanie nie potwierdza sig
w praktyce. Ludzie i rzady nie zdajg sobie sprawy z granic mozliwoéci naszej techno-
logii, a szczegdlnie w wypadkach, gdzie czesto krétkowzroczne interesy wigkszych grup
spoteczeristwa, jak réwniez wzgledy polityczne, gospodarcze oraz konserwacyjne beda
silnie przeciwdziataé przyjeciu czesto nieortodoksyjnych metod otrzymywania energii
z nowych zrédet. Najlepszym tego dowodem jest negatywne ustosunkowanie sie po-
waznej czesSci spoteczeristwa do dalszego rozbudowania energii atomowej.

Temat ten jest tak obszerny i tak wielkiej doniostoéci, ze. nie jeden ale wiele
artykutéw i prac powinno byé napisanych, azeby nalezycie go oéwietlié i przedyskuto-
wat na bardziej ogélnym terenie. Celem niniejszego artykutu " jest przedstawienie
czytelnikowi mozliwosci uzyskania energii ze #rédta, ktére zostato zupetnie zaniedbane
w ostatnim stuleciu na skutek bardzo taniego i wygodnego w uzyciu paliwa plynnego.

Takim Zrédtem energii jest energia wiatru, ktéra jest jedna z odmian energii
dostarczanej nam stale przez stoice. To potencjalne Zrédto energii jest ograniczone
zaréwno ilosciowo jak i terytorialnie, kazden jednak procent energii otrzymany z innego
czy tez nowego Zrédia, bedzie bardzo pomocny w ogdlnej sumie zapotrzebowania
i zuzycia energii w przysztosci.

Dynamika atmosfery

Azeby tatwiej zrozumieé potencjaine mozliwosci wykorzystania energii wiatry,

nalezy sig wpierw ogbinie zapoznaé ze $rodowiskiem w jakim wiatrak pracuje.

*Autor pracowat jako konsultant dia firmy DAF-INDAL w Toronto przy obliczeniach

i konstrukcji wiatraka NRC-220.
40 lat polskiej mysli inzynieryjne] w Kanadzie. Biul. STP 3/81

65




Ruchy naszej atmosfery czyll wiatry sa rezultatem dwéch gtéwnych przyczyn,
a mianowicie obrotem ziemi, oraz nierdwnym nagrzaniem powierzchni ziemi przez
storice. Wspétdziatanie tych dwéch przyczyn jest bardzo ciekawe i skomplikowane.
Niestety nie ma tu miejsca na zajecie si¢ tym tematem obszerniej. Wynikajace z tych
dwéch przyczyn wiatry, zawieraja w sobie wielkie ilo&ci enregii kinetycznej, ktéra
ludzkoéé nauczyta sie wykorzystywa¢ dla swoich celéw w postaci zagli do napedu
statkow, oraz wiatrakow dla dostarczania energii mechanicznej.

llo&¢ energii Kinetycznej we wietrze zalezy przede wszystkim od szybkosci wiatru
oraz gestoéci powietrza. Azeby daé pojecie o tej ilosci, podaje przyktad ponizej.

Wiatr wiejacy z szybkoscia W m/s przez przekréj A m?2 unosi energie, ktéra jest

zdolna do wykonania pracy:
P = 1 pAW3 )
g.52
gdzie p — gestos¢ powietrza (—~—Z~); Yo p = U
m

Dla wiatru wiejacego na przyktad z szybkoscia 8 m/s przez przekréj 1 m2,
P:3/16x1x83—_-32kgm/s.

Wyrazajac te moc w watach otrzymamy: P = 3136 watow.

Niestety tylko czesc tej energii mozna praktycznie wykorzystaé, gdyz jak to wykazat
niemiecki fizyk Glauert, tylko 16/27 cze$é tej energii mozna zamienié na energie
uzyteczna przy pomocy wiatraka.

Jak to wynika z powyzszych uwag, we wzorze na moc rotoru wiatraka szybkosé
wiatru wystepuje w trzeciej potedze. Kazda wiec przyczyne czy tez powdd zwiekszajacy
szybko$é wiatru nalezy wziaé pod specjalna uwage.

Na skutek tarcia pomiedzy poruszajacym si¢ powietrzem a powierzchnia ziemi,
oraz tarcia pomiedzy warstwami powietrza o réznych szybkosciach wzglednych, szybkosé
wiatru zmienia sie z wysokoscia. Dla unormowania informacji o szybkosci wiatru
w raportach meteorologicznych podaje sie ja zazwyczaj mierzona na wysokosci 10 m

nad poziomem terenu.
Zmiana szybkosci wiatru z wysokoscig wyraza sie wzorem:
h 0.16

W = Wy (=) @
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Wzor ten jest wazny dla normainych warunkéw atmosferycznych; dia naszych
praktycznych celow nalezy zatozyé, ze wykfadnik potegowy 0.16 zmienia sie niewiele

ze ‘zmiana temperatury i wilgotnosci.
3 e soom B Wykres podany na Fig. 1 na prawo od
\ 1 T T[T | punktu zerowego przedstawia rozktad szybko-

0 \ ‘ || &ci wiatru z wysokoscia o sile 8 m/s, mierzo-

\ | nej na wysokosci 10 m nad ziemia. Widac

'; \ ]|-50 [ | 2 tego wykresu, jak waznym jest podawanie
| wysokoéci na jakiej szybkoéé wiatru jest mie-

\

= \-\ er / + rzona.
\ \ i / | Na lewo od punktu zerowego pokazana
= l 2 / — jest krzywa wzglednej mocy 7, ktora wiatr
| _|";..___=r/ Py | sawiera. Przyjmujac np. ilos¢ energii kine-
4 3 2 / 0 5 w0 5 20 tycznej wiatru 8 m/s za jednostke widzimy,
-7 Vinpee™ 28 ilodé te] energii wzrasta dwukrotnie na
Fig. 1. wysokosci 424 m, oraz trzykrotnie na wyso-

Szybkosé wiatru i wspotczynnik mocy. koéci 98.6 m. Jest to bardzo wazna obserwa-
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cja, ktora daje nam pojecie o wydajnosci roto i Z i
tora. _ j ru wiatraka w zalezno$ 3
na ktorej jest on zainstalowany. et od wysolosel

. Wlel_kl va%yw na szybko$é wiatru ma konfiguracja terenu, nad ktéra przeplywa
w!atr. Wielkie przeszkody dla wiatru jak wyzyny i géry powoduja zwiekszenie szybkosci
wiatru nad.przeszkc_ndami. Znane sa miejscowosci, w ktérych silny wiatr wieje praWie
stale. [\laleza doi r_uch taki? miejsca jak przetecze oraz tak zwane siodta terenowe
Sa to idealne miejsca dia instalacji wiatrakéw czy tez farm wiatrakowych. .

_Jed.nym z takich terendéw jest przetecz San Gorgonio w Kalifornii Poludniowej
gdz'le fl_r_ma‘ §ou'thern California Edison instaluje obecnie wiatraki dla celéw zasilanig
kgllfornljsk:ej‘smcie elektrycznej. Okolica San Gorgonio jest uwaZana za najbardziej
wietrzng olfollce w Kalifornii, czy tez bodajze w calych Stanach Zjednoczon chJ
Wedtug obl@zer').Southern California Edison, caly rejon San Gorgonio moze dostargzyé.
?Or?Z/nigngW!edmo wielkiej instalacji wiatrakéw, okoto 6.5 bilionédw kilowatgodzin

' Nastepny \.Nazlny_ parametr, ktéry chce tutaj przedyskutowaé jest zmiana szybkosci
Wlatl’l:l w 'zalez_nosm od pory roku, oraz lokalnych warunkéw atmosferycznych. Wiem
przeciez, ze wiatry n,ie wieja ze stata szybkoscig, i ze zmieniaja one swoje l;asilenig
l|(i-<|er_urfek. '!'e' naogo%’b.ez%gdne zmiany sa jednak postuszne prawom statystyki. Dla
azde;i sred_nle.J szybkoéci wiatru obliczonej dia okresu jednego roku, wedtug statystyki
spravxd;onej‘ Wle'loietnimi pomiarami, ilo$¢ godzirn w roku dla kazdegc; zakresu szygkogci
wll‘atru bedzie s,x@ wahaé bardzo niewiele. Ogdlnie przyjety wzér dla obliczenia trwania
roz?ych zakr.esow szybkoéci wiatru w czasie jednego roku (8,760 godzin) dla stref
umiarkowanej, zostat podany przez angielskiego fizyka Ralleigh'a: !

w
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Wm Wm w ¥

m

Wzér (3) podaje prawdopodobienstwo p (W—), t]. stosunku szybkosci wiatru W do
m

sredniej szybkosci rocznej Wm, w funkcji tegoz stosunku.

Fig. 2 przedstawia wartosci tej zaleznosci wyliczone dla szybkosci $redniej

% ; : : | —r— Wm = 8 m/s. Widaé z tego wykresu, ze np.
A - - dla stosunku W/Wm = 0.8, prawdopodobiefi-
8 stwo wiatru W = Wm x 0.8 = 6.4 m/s wynosi
5: 0.76. ’Po.niewaz ta warto§é jest maksymalna
o | wartoécia dla funkcji Ralleigh’a, wnioskujemy
i 1z t.ego, 7e wiatry okoto 6.4 m/s zdarzaja sie
o najczeéciej dla tej szybkoéci Sredniej.
2+ Wyliczone przy pomocy bardzo prostej

. ﬁ e S~ i ap;ltmetyki praV\{dopodobng czasy trwania dla

g 7 3 ;c;znnych zakr.esow_.sz.ybkosu _W|_atrc')w, s3 po-

m ne w tabeli ponizej. Oczywiscie czasy te sa

wazne tylko dla wiatréw o $redniej szybkoécf
rocznej 8 m/s.

Fig. 2.
Prawdopodobienstwo szybkosci wiatru.

*Wind Energy Report, Feb. 1980.
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Przy innych $rednich szybkosciach czasy te beda zupetnie rézne.

Zakres szybkosci l10$€ godzin Zakres szybkosci ll04é godzin

wiatréw w roku wiatréw w roku
m/s h m/s h
0— 2 450 1214 701
2— 4 1,150 1416 409
4— 6 1,550 16—18 212
6— 8 1,620 18—20 110
8—10 1,523 20—22 44
10—12 1,066 2224 22

Dane statystyczne otrzymywane Z raportéw metereologicznych dla naszej strefy
umiarkowanej sa do§¢ zgodne ze wzorem Ralleigh’a i dlatego jest on prawie powsze-
chnie uzywany dla obliczania rocznych wydajnoéci wiatrakéw.

Istnieja jeszcze inne wzory dla obliczenia prawdopodobieristwa trwania wiatréw,
ktére daja sie fatwo dostosowaé do lokalnych warunkéw przez dobranie odpowiednich
wykladnikéw. Takim bardzo popularnym wzorem jest wzor Weibull'a, ktéry fatwo daje
sie dostosowa¢ do innych lokalnych warunkow, a w szczegblnoéci do strefy tropikalnej.

Na specjalna uwage zastuguje strefa rownikowa, a raczej strefa tropikalna, miedzy
réwnoleznikami, gdzie tzw. wiatry passatowe (trade winds) wieja przewaznie ze wschodu
na zachéd. Wiatry te spowodowane obrotem ziemi, maja bardziej staty charakter, anizeli
wiatry w strefie umiarkowanej. Zaréwno ich nasilenie jak i Kkierunek sa bardziej
ujednostajnione i nadaja sie idealnie do eksploatacji przy pomocy wiatrakéw dla
zasilania lokalnych sieci elektryfikacyjnych.

Dowodem tego, ze tak jest istotnie, jest wielka farma wiatrakowa instalowana
obecnie na wyspie Oahu w grupie wysp Hawajskich. Instalacja ma by¢ wykonczona
w r. 1983 i ma produkowaé 80 megawatow mocy. Koszt jej jest preliminowany na
okoto 250 milionéw dolaréw.

Przedyskutowana tutaj pokrétce charakterystyka ruchéw atmosfery jest bardzo
pozyteczna dia gtebszego zrozumienia catego problemu uzywania sily wiatréw dla
celéw produkcji energii. Zmiennoéé nasilenia wiatréw oraz zalezno$é ich potencjatu
od potozenia geograficznego, sa gtéwnymi trudnoéciami w eksploatacji tej energii na
wielka skale.

Wiatraki

Woda i wiatr byly pierwszymi Zrodtami energii eksploatowanymi przez cziowieka.
Energia wodna byla produkowana tylko tam, gdzie byto poddostatkiem wody, oraz
istnialy wystarczajaco duze réznice poziomoéw. Energia wiatrowa byta znana juz od
hardzo dawna, i przed era silnikow parowych i spalinowych byta ona w powszechnym
uzyciu przewaznie na morskich wybrzezach, gdzie nasilenie wiatru 1 wzgledna jego
jednostajnosé pozwalata na prawie nieprzerwang prace.

Energia taniego paliwa plynnego wyeliminowata stare miyny wodne oraz wiatraki,
z. wyjatkiem krajow, ktére byly tak ubogie, ze nawet taniego paliwa nie mialy za co
nabywaé. Wiatraki sa ciagle w uzyciu na malg skale w Hiszpanii 1 Grecji w swojej
dawnej prymitywnej formie.

Przed elektryfikacja Srodkowej i zachodniej cze$ci Stanéw Zjednoczonych, rolnictwo
amerykanskie uzywato wiatraki o mate] mocy do pompowania wody dla celéw gospo-
darczych. Tani prad elektryczny catkowicie wyeliminowat wiatraki, zastepujac je elek-
trycznymi silnikami.

Obecne wysokie ceny paliwa zmieniajg catkowicie te sytuacje. Nawrét do wyko-
rzystania réznych zrédet energii, a w szczegélnosci takich, ktére nie zanieczyszczajg
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pow1.e'trza i nie pozostawiaja trujacych odpadéw, spowodowat odrodzenie idei wykorz

stanllje energii \A_natrowej pr.zy pomocy nowoczesnych bardziej ekonomicznych vr\:'lyaszyz.
e \i/:]ast:?ass_dmr::zleytypy wnatrakév’v sa dzisiaj budowane i prébowane w doéwiadczal-.
yon nsta jach. ierwszy typ, ktpry wyglada podobnie do pierwowzoréw z przesztoéci
posiada o$ vs_/lrmka_pozmma, Drugi typ, ktéry pracuje na catkiem odmiennej zasadzie’
posiada wirnik czyli rotor o osi pionowej i oba te typy sa dzisiaj réwnolegle w uzyciui

a. Wiatraki o osi poziomej (HAWT)* — wiatraki poziomoosiowe.

Rotor tego typu wiatrakéw posiada za
j : T
zwyczaj dwa do trzech skrzydet, o statej lub 0$ POZIOMA ROTORU

zm_iennej szerokoSci. Skrzydta te posiadaja i

zwichrzenie wzdtuz ich diugoéci celem za- [

chowania odpowiedniego kata natarcia po- :{D e
wietrza wzdtuz skrzydla, w zaleznoéci od M : ¥ 1
zn:1iar_1y szybkosci obwodowej z rosnacym pro- ‘:"' \ ‘ 4 A
mieniem rotoru. N\

Fig. 3 przedstawia przekréj skrzydta wia- "\ D _—= R
traka w odlegtoSci R od osi obrotu. Przekrdj Th,éif;‘iz ————
ten posiada ksztatt profilu lotniczego spe- . Lo "")§<>/PLA§Z_C}}EEA ROTORU

N

cjalnie dobranego do warunkdéw pracy rotoru. }/’/ A
Oznaczajac przez « szybko$é katowg obrotu o ,/
rotoru, W szybko$¢ i kierunek wiatru, Rw /<
szybko$¢ obwodowa elementu skrzydta, znaj-
dziemy wypadkowa szybkos¢ wiatru V ze sumy Y
dwéch wektorow W i Rw. Kierunek szybko$ci Fig. 3. Aerodynamika HAWT.
\ nacners? profi'l skrzydita pod katem o, powodujac wypér L oraz opér D. Rzut wypadkow
tych dwoch sit na plaszczyzne rotoru daje wypadkowa site styczna T powodu'acy
moment cbrotowy elementu skrzydta TxR. ) L

Moment obrotowy jednego skrzydta otrzymamy sumujac elementarne momenty
obro‘tovye wzdtuz catego skrzydta. Catkowity moment obrotowy wszystkich skrzydet
pomnozZony przez szybkos¢ katowa, daje nam moc rotoru.

Ja.k t‘o w[da(: z wieloboku szybko$ci W oraz Rw, ze zwigkszajgcym sie promieniem
R zmienia sie kat natarcia «. AZzeby zapewnié¢ kazdemu elementowi skrzydta prace
w optymal_nych warunkach, trzeba skrzydto zwichrzyé tak, azeby otrzymad najlepszy
kat natarcia. Poniewaz szybko$¢ wypadkowa V wzrasta z rosnacym promieniem skrzydta
ele.m_enty oddalone najbardziej od osi obrotu daja najwicksza site pociggowa T oraz,
naJWIeks_zy moment, sa wiec najbardziej produktywne. ) o

Po.nlevyaz _ws;ystkie obecne wiatraki w konstrukcji czy tez budowie sa przeznaczone
dq _zasnlanla sieci elektrycznych, pracuja one wytacznie na statych obrotach, napedzajac
trojfazowa pradn!ce. Kontrola ilosci obrotéw rotoru oraz dostarczanej mOC}; odbywa sie
przy pomocy zmiany kata natarcia catego skrzydta, czy tez jego czeéci w partii szczy-
towej. Dostosowanie ilosci obrotéw rotoru do ilosci obrotéw pradnicy odbywa sie przy
pomocy skrzynki biegéw umocowanej pomiedzy rotorem a prat:inica. Zakres szybkosci
wiatru, w lftéry.ch wiatraki pracuja, rozcigga sie zazwyczaj od 6 do é8 m/s.

P_or?nzej tej granicy energia wiatru jest niewystarczajagca do napedu pradnicy
ggewﬁysztej 282rr,1c/s wy’ra_cza sie zazwycza] wiatraki i zatrzymuje rotor z powodu bezpie:

wa. Zatrzymanie rotoru odbywa si ji

el Aty V' sie przy pomocy obrotu skrzydet do pozycji

*Horizontal Axis Wind Turbine.
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akéw o osi poziomej skiada sie zasadniczo z rotoru,
dnicy i jest zainstalowany W j.ednym zespole na
rukcji kratowej lub stupowe). Ca’ry. ten system
em nastawienia go do kierunku wiatru.

Caty system mechaniczny wiatr
skrzynki Dbiegow, hamulca oraz pra
wiezy odpowiedniej wysokoéci o k_onstI
] okoto osi pionowe] ce
o et ol : : Mechanizm do tego celu sktada sie
z czujnika kierunku wiatru oraz serwome-
chanizmu obracajacego caty system. Jed'na
z gtéwnych cech ujemnych tego typu wia-
traka jest to, ze caly pracujacy system_ Je‘st
umieszczony wysoko nad ziemia na poziomie
osi rotoru, co utrudnia i podraza koszty
obstugi | ewentualnych napraw. _

Fig. 4 przedstawia wspbtczesny wiatrak
poziomoosiowy typu WTG-200, budQV\{any w
Buffalo, N.Y. Jest to wiatrak érednlfaj rpocy
produkujacy 200 kKW przy szybkosci ‘w1atru
135 m/s. Kilka egzemplarzy tego wiatraka
zainstalowane sa dla celéw doéwiadczalnych
w USA i w Kanadzie.

&rednica rotoru o trzech skrzydtach wy-
nosi 24.4 m i caly zespét produkuja:cy r_nc?c
jest umieszczony obrotowo na szczycie wne;y
204 m wysokiej. Jak wida¢ to z fotografii,
Kkontrola obrotéw rotoru odbywa sie przy po-
mocy obracanych wierzchotkéw  skrzydet.
Kontrola catego cyklu pracy wiatrak_a odbywa
sie elektronicznie przy pomocy mlkropr.ocfe-.
sora. Caty ten elektroniczny system miescl

e QTR T

TURBINA WIATROWA TURBINA WIATROWA

WTG-200 KILOWATT NASA MOD-2, 2.5 MEGAWATT
Fig. 5. Poréwnanie wiatrakéw WTG — MOD-2.

sie u podstawy wiezy w specjalnym pomieszczeniu. Nastawia on kierunek i szybko$é
wiatru i decyduje kiedy uruchomié rotor. Uskutecznia sie te czynno$é przez obroét osi
rotoru do wiatru, oraz zwolnienie hamuica. Po osiagnieciu 30 obrotéw na minute,
ktéra to szybkosé jest nominalng szybkoscig pracy rotoru, nastawia on faze i czesto-
tliwoS¢ generatora z siecia i po uzgodnieniu fali napiecia i pradu wiacza generator
w sie¢. W razie zbyt silnego wiatru lub tez popsucia sie ktéregokolwiek systemu,
wierzchotki skrzydet obracaja sie automatycznie i zwalniajg szybko$¢ obrotu rotoru
z 30 do 5 obrotéw na minute. Przy tej szybko$ci zostaje wiaczony hamulec i rotor
przestaje sie obracaé.

Znacznie wieksze wiatraki tego typu sa obecnie budowane w USA przez firmy
Bendix oraz Boeing. Moce duzych jednostek przechodzacych obecnie préby wynosza
okoo 2% do 3 megawatéw. Fig. 5 daje porédwnanie wielkoéci pomiedzy wiatrakiem
WTG-200, oraz duza turbing wiatrowa MOD-2 zbudowang przez firme Boeing dla
Departamentu Energii USA. Pierwszy egzem-
plarz turbiny juz zostat dostarczony i zain-
stalowany w stanie Waszyngton na zachod-
nim wybrzezu. Dwa nastepne egzemplarze tej
turbiny maja by¢ dostarczone w lecie 1981.

b. Wiatraki pionowocosiowe (VAWT)*

Drugi typ wiatrakéw, ktéry ma duze po-
tencjalne widoki rozwoju jest wiatrak o osi
pionowej. Typ ten zostat wynaleziony i opa- |
tentcwany we Francji i USA w latach 1925-30 |
przez J. M. Dorrieus’a. Aerodynamiczne za- |
sady pracy tego typu wiatraka sa bardziej |
skomplikowane anizeli wiatraka o osi pozio-
mej; zostaly one obszernie teoretycznie
opracowane przez National Research Council
w Kanadzie oraz Sandia Laboratories, USA.

Rotor tego wiatraka skiada sie ze sztyw-
nej osi pionowej utozyskowanej na obu
koncach, oraz dwéch do trzech skrzydet o sta-
tej szerokosci | duzym wydtuzeniu, uksztatto-
wanych wediug tak zwanej krzywej tancucho-
wej, tj. krzywej ktéra by przyjat tancuch czy
tez gietka lina wirujaca naokoto osi i zamo-
cowana do niej na obu koncach. Gérne *ozy-
sko rotoru jest podparte trzema lub czterema
kablami stalowymi zakotwiczonymi do odpo-
wiednich fundamentéw. Dolny koniec rotoru .
wraz z dolnym tozyskiem spoczywa na odpo- _ .
wiedniej podporze, mieszczacej skrzynke bie- |
gbéw, hamulec oraz pradnice elektryczna.

Fig. 6 przedstawia wiatrak pionowoosiowy 5% g Bl
typu NRC-220, zainstalowany na wyspie $w. = -

Magdaleny w czasie montazu.*

Fig. 6. Wiatrak NRC-220.

*Vertical Axis Wind Turbine.



Wiatrak ten o nominalnej mocy 220 kilowatéw zostat zbudowany przez firme
DAF-INDAL w Toronto na zaméwienie National Research Council w Ottayvie. Rotor
tego wiatraka ma $rednice 244 m oraz wysokos¢ 36.6 m porr)igdzy tozyskami. Kolumna
centraina jest wykonana z formowanej blachy aluminiowej. Dwa skrz¥d+a 0 sta.erm
przekroju maja szerokos¢ 0.61 m i sg wykonane metoda wyt’fac.:zanla (extrusion).
Przekr6j skrzydet posiada symetryczny profil lotniczy o 18% grubosci.

Poniewaz wspétczynnik solidnoéci skrzydet jest bardzo niski .bo okoto 0.1, skrz_yd%a
sa wiotkie i dlatego sa podparte dwoma poziomymi zastrzatami przymocowanymi do

centralnej kolumny.

Wspétezynnik solidnosci skrzydet wyraza sie stosunkiem:

nxd
S =
R
gdzie; n — ilo§¢ skrzydet; d — szerokoéé skrzydeh; R — promieri rotoru.

W czeéci skrzydet o najwiekszej érednicy sa zainstalowane han'w.lcel .aerodyna-
miczne, ktére sie otwieraja automatycznie po przekroczeniu krytycz.nej iloéci obrotéw
rotoru. Dziataja one w ten sposob, Ze po otwarciu niszcza one site napgdowa oraz
stwarzaja dodatkowy opér. Rotor jest podparty u dotu przez wieze 10 m wyso!(q. Cah{
system kontrolny, mechaniczny oraz produkeyjny jest zainstalowany w goérnej czesci
wiezy.

Aerodynamika pracy rotoru wiatraka pionowoosiowego jgst pokazana na Fig. 7:
Rysunek przedstawia rownikowy przekrdj rotoru. Promien R jest potowa maksymalnej
érednicy, » jest szybkoScia katowa obrotu

0S PIONOWA ROTORU rotoru. Szybkoé¢ obwodowa spowodowana

% - - ——«}» obrotem rotoru jest Re. Zaktadajac wiatr W
R / miejacy prostopadle do osi rotoru, oraz su-
\ ‘\/3 ."/ mujac wektorowo szybkosci sktadowe Rw oraz
f / 4 W, znajdziemy tatwo szybkoé¢ V oraz kat o

\
|

owiewania profilu skrzydta.

l'\
|

Jako rezultat szybkoici powietrza V przy
kacie natarcia «, otrzymamy wypér L oraz
opér D elementu skrzydta. Rzut wypadkowy
tych dwéch sit na o symetrii elementu
skrzydta T daje element sily napedzajacej
rotor. Sumujac te elementy sity wzdluz catej
dtugoéci skrzydta, otrzymamy catkowita site
napedzajaca jedno skrzydto. Ta sita napedowa
zmienia sie z katem ptaszczyzny rotoru g do
Kierunku wiatru. W wypadku rotoru dwu-
skrzydtowego sita napedowa jest zerem przy

_ﬁ»__
=y

wietrze W wiejacym prostopadle do pfaszczyzny rotoru (g = 0), osiagajac maksymalna
wartosé w okolicy pozycii réwnolegtej (8 = 90°). :

*Wyspa $w. Magdaleny znajduje sie u ujécia rzeki $w. Wawrzyica w prowincji Quebec.
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. Aerodynamika catego rotoru sktadajacego sie z dwéch czy tez trzech skrzydet
Jest_ skomplikowana. Skrzydto dowietrzne pracuje w innych warunkach anizeli skrzydio
zawuei.t_rzne, ktére porusza sie w sferze powietrza zwolnionego przez oddanie czeéci
energii skrzydtu dowietrznemu, oraz oporem osi pionowej. Najbardziej efektywna
czescig skrzydta w produkowaniu momentu obrotowego sa elementy umieszczone
w p_ot?lizu' najwiekszego promienia. Elementarny moment obrotowy spada szybko ze
Zmniejszajacym sig¢ katem skrzydta wzgledem osi obrotu.

Moc wiatraka wyraza si¢ ogélnym wzorem:

P=1%pACp W3
gdzie: p gesto$¢ powietrza; A — powierzchnia aktywna rotoru réwna powierzchni
przekroju przez rotor prostopadtego do kierunku
wiatru;
Cp — wspoitczynnik mocy; W — szybko$é wiatru na wysokoéci $rodka rotoru.

Wedtug teorii Glauerta wspéiczynnik mocy moze osiagnaé warto$é¢ 16/27 = 0.59.
W praktyce, dla bardzo czystego aerodynamicznego rotoru, maksymalna wartoéé Cp
wynos_i okoto 0.38-0.42. Kazde dodatkowe urzadzenie jak np. zastrzaty wspierajace
wiotkie skrzydta lub hamulce aerodynamiczne umieszczone na skrzydtach (widoczne
na Fig. 5) powodujg szkodliwy opér i obnizaja wspéiczynnik mocy.

Przy danej szybko$ci wiatru, wspéiczynnik Cp jest funkcja stosunku A, gdzie:
N = Ro/W;

ST T T T T |—~|

Fig. 8 przedstawia wartosé Cp w funkeji A
dia czystego aerodynamicznie rotoru. War-
; tosci te sa wazne dla rotoréw, ktérych stosu-
sl /—\ | nek wysokosci do $rednicy wynosi okoto 1.5,
y oraz ktérych wspétczynnik solidnodci skrzydet
S wynosi okoto 0125 — 0.175. Wspéiczynnik
| Cp osiaga swoja maksymalna warto$é dla
_ szybko$ci obwodowej Re réwnej okoto 5.5x

— . i N szybkodé wiatru.

& 7 8 . 5 0
ppna

Fig. 8. Wykres Cp = f()).

Poniewaz gtébwnym zadaniem nowoczes-
_ nego wiatraka jest zasilanie istniejacych sie-
ci elektrycznych pradem zmiennym o statej czestotliwoéci, rotor musi pracowaé na
statych obrotach.

Wyrazajac szybko$¢ wiatru W we funkcji 1 oraz Ruw, otrzymamy:

W = Ruw/\ (5)
Z réwnan (4) i (5) otrzymamy:

Cp
P=1%v%pA-— (Ru)3 (6)
33

Przy st_alrej ilosci obrotéw warto$¢ Rw dla kazdego rotoru bedzie wartoscia stala.
Wpro_wadzajap nowy wspétczynnik Kp = Cp/A3 otrzymamy ostateczny wzdr (7) na obli-
czenie mocy rotoru wiatraka przy stajej ilosci obrotéw:

P = % p AKp (Rw)3 @

Wartoéci dla Kp wylicza sie z krzywej Cp = f(\) pokazanej na Fig. 7, dla zatoZonej
statej ilosci obrotéw Ruw.
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Obliczona przez autora charakterystyka mocy dla wiatraka NRC-ZZQ uiywajac.: po-
wyzsze wzory, przedstawiona jest na Fig. 9.
W wyliczeniu tej charakterystyki uwzgled-
niono réwniez wplyw oporu zastrzatéw pod-
pierajacych oba skrzydia, jak réwniez wydaj-
noéci mechaniczne skrzynki biegéw oraz
pradnicy. Przedstawiona tutaj charakterysty_ka
NRC-220 zgadza sie bardzo dobrze z pomia-
rami mocy otrzymanych w czasie uzytkowania
tego wiatraka na wyspie éw. Magdaleny, przy
ilogci obrotéw 36.6/min.

1 Wiatraki pionowoosiowe typu Dorrieus’a
1 1 | zastuguja na specjalng uwage z powodu wielg
9 5 1o 5 20 mysec Korzystnych wiasnoéci. Wyliczymy tutaj naj-

Fig. 9. Wyczyny NRC-220. wazniejsze.

T T —]

KW L 1
200 -

100 =

o Wiatrak pionowoosiowy przyjmuje wiatr z kazdego .kierunku | nie rpusi byé pr_zesta-
wiany przy pomocy specjalnego mechanizmu do kierunku wiatru; jest to konieczne
w wypadku wiatrakéw o osi poziomej. o

‘s Skrzynka biegéw, hamulec oraz generator elektryczny umieszczone s3 na poziomie
ziemie i sa ‘atwo dostepne dla obstugi i naprawy. 3

o Warunek statej iloci obrotéw rotoru jest tatwy do spe%r.ﬂe.nia. Szyt_)kosc obrotowa
rotoru sprzezona z szybkoscia obrotowa generatora zasilajacego siec elektry_czn.a
o state] czestotliwodci jest samoregulujaca. Ta charakterystylfa dobrze. k\{va'llflkUje
wiatraki pionowocosiowe do zasilania sieci elektrycznych o statej czes’gothvyosm, ktc.Sre
moca tatwo dostarczyé z zewnatrz energie potrzebna d‘c_> zastartowania wiatraka, jak
réwun‘iez stata czestotliwos¢ potrzebna do synchronizacji.

& Prosta konstrukcja daje w rezultacie maly ciezar ca+ko'wity, obnizajacy koszt fabry-
kacji | transportu oraz redukujaca ogblny koszt wiatra]«ow tego' typu. Skrzydta rotoru
maia staly przekrdj oraz staty kat natarcia wzdtuz catej d’fugo§c1, co bardzo upraszc’za
fabrykacje i obniza koszt produkcji skrzydet, bardzo wysoki w wypadku wiatrakow
o osi poziomej. ' o

e Wiatraki pionowoosiowe przy maksymalnej wydajnoéf:i’prac‘ujq na}.vylekszej |Ioscl

obrotéw anizeli wiatraki o osi poziomej o tej samej srednlcy.. Réznica t_a wynosi

okoto 20-25%; dzieki temu wiatraki pionowoosiow'e potrzeb.UJq slfrzyn_kl biegow

o mniejsze] przektadni, ktérych zaréwno sprawno$¢ mechaniczna jak i cena sa

i rzystniejsze. ) y
ﬁg;;i:lecgghay ujemjna, ktéra wiatraki pionowoosiowe_ posia?daja jest to, ze rotor n’lg
startuje sam ze stanu spoczynku. Musi on wpiervs./ osiagna¢ dolna krytyczna} szybko’scz
obrotéw przy kidrej napgdowa sita aerodynamiczna T zaczyna 05|?g§c war@osc[
dodatnie. Osiaga sig¢ ja zazwyczaj przez rozpedzer}ie rotor}J do.szybkosu s-tartUJacej
przy pomocy energii elektryczne] czerpanej z sieci, na ktora.wmtrak pracuje.

Wiatraki o osi poziomej maja bardzo diuga i stara traf:lyCJg. Pracowaty one'przez
wiele stuleci dostarczajac energii dla bardzo sk_roml'lych owczesnych potr’ze!:), i prgy
pomocy bardzo prymitywnych metod. Jednakze iloé¢ nagromadzonego doswiadczenia

i szybka ewolucje tego typu. - )

DOZV\\I/SF:?lpF;ZkU )\,Nia?rakéw pijc?nowoosiowych trnga by%q zaczyr]aé od poczat!&u i zapoznac

sig stopniowo ze wszystkimi trudnoéciami | niespodziankami spotykanymi zawsze przy

tworzeniu i rozwoju nowego typu maszynerii.
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Zainteresowanie wiatrakami pionowoosiowymi datuja sie od bardzo niedawna.
Szereg modeli o $rednicy ponizej 15 m zostato zbudowane i prébowane w Péinocnej
Ameryce i w Europie. Wystarczajaca iloé¢ doswiadczenia zostata zebrana, azeby zaczaé
budowa¢ wigksze modele. NRC w Kanadzie craz Sandia Laboratories w USA pracowaly
i nadal pracuja nad tym typem wiatraka. Pierwszy wiekszy model produkujacy 220
Kilowatéw zostat zbudowany w Kanadzie i zainstalowany na wyspie $w. Magdaleny
w r. 1977 (Fig. 6).

W Stanach Zjednoczonych ALCCA* na zaméwienie Sandia Laboratories zbudowata
nieco wigkszy model o mocy 350 kilowatéw. Modei ten posiada 3 skrzydla o szerokoéci
0.74 m. Jest to najwigksza szeroko5¢ skrzydia, ktéra sie daje wyprodukowaé metoda
wyttaczania przy dzisiejszym stanie technologii. Niestety juz dwa prototypy wiatrakdw
ALCOA obecnie w prébach zostaty uszkodzone z powodu ztamania centralnej kolumny,
oraz w drugim wypadku z powodu ztamania jednego ze skrzydet u nasady.

Te poczatkowe niepowodzenia przyczynia sie walnie do wzbogacenia sumy do-
$wiadczenn dla tego typu wiatrakéw. Odpowiedni czas musi uplynaé, zanim wszystkie
specyficzne problemy i wiasnoéci tego nowego typu zostana gruntownie poznane.

Przyszto$é wiatrakdw

Po wstepnym przygotowaniu i omawianiu gtéwnych przedmiotéw oraz argumentéw
naszegc tematu, mozemy przedyskutowaé prawdopodobna role i rozwdj konstrukcji
wiatrakéw w niedalekiej przysztosci. Podobnie jak w wypadku otrzymywania energii
z potencjalnych rdznic poziomu wody, energia otrzymywana z powietrza jest wolna
zupetnie od niepozadanych zanieczyszczert i odpaddw szkodliwych dla otoczenia
i luzkiego zdrowia. Ta bardzo wazna zaleta begdzie odgrywaé w przysziosci coraz
wigksza role w widoku na coraz wieksze nasze wysitki zdazZajace do utrzymania naszego
otoczenia w mozliwie niezatrutym stanie. Jest to gtdwny argument przeciwko zwiek-
szeniu uzywania wegla czy tez energii atomowaj do produkcji energii elektrycznej.

Okcto 2% catkowitej energii dostarczanej ziemi przez stofice jest zuzyte na ruch
naszej atmosfery. Na przyktad gdyby$my potrafili zuzytkowaé tylko 10% energii wiatréw
wiejacych blisko ziemi nad Stanami Zjednoczonymi bytby to ekwiwalent 75% calej
energii konsumowanej przez ten kraj.**

Caly obecnie wysitek konstruktorédw nowoczesnych wiatrakéw czy tez turbin wia-
trowych idzie w kierunku obniZzania ceny za kilowatgodzing pradu produkowanego ta
metoda. Poniewaz moc dostarczana przez wiatraki wzrasta z trzecig potega szybkosci
wiatru, gtéwny nasz wysitek powinien byé skierowany w umieszczeniu rotoru wiatraka
w strumieniu powietrza o najwiekszej szybkosci. Jak to wynika z rozdziatu o dynamice
naszej atmosfery, kilka drég jest otwartych dla osiagniecia tego celu.

® NaleZy umiesci¢ rotor wiatraka na jak najwigkszej wysokoéci nad ziemia. Jak to
czytamy z wykresu na Fig. 1, przy wietrze o sile 8 m/s przeniesienie osi wiatraka
z wysoko$ci 23 m na wysoko$¢ 99 m, podwaja ilo$é otrzymanej energii. Warunek ten
automatycznie nasuwa idee, azeby konstruowad wiatraki bardzo duZe, umieszczane
na wysokich wiezach.

*Aluminum Company of America.
**Gustavson R. R. “Limits of Wind Power Utilization”. Science, 1979.
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