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,, ...       n1   e,, s   •   •}»-» -irr    l'   f1'   ti«   Itt" 
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is talcing up the left half of the IBM card and shown in Table,.¿_« 

The right h^rr1 portion of the Ioli care is usee for punching holes, 

beginning 'ith colvjw 37 up to colurm SO. 

Table 1 

Left banc' portion of I!*!! card        *) 

C'frite-ir. space and instruction for punching) 

Instructions :pur.ch 
Mane of machine:     Internal Grin: or Hole Column;Hole Colinin; Hole Coluai 

1 achine Type : Chuching C-rir''er  4       37 1       38 

lachir.e Size: ::i:;h ?i'J' ,.,... 2        39 0       4.0 

Year of üanufr^turin"::  1^0  6        ¿4 0        45 

Custoner Identification:   Pi'ot Corp .4-        4-6 2        4-7 

Cus toner location:   To: ::.s  3        4-9 9        50 

CUE toraer 1 oeation :   (City) '.,'aco  1        51 

Type  of Ir/.-:;try  52 53 

S-l^s Office  54- 55 

Report receive"  56 57 

Shi prent   (rortri)  60 61 

Ship; tnt  (yt -..r)  62 63 

Yfars of s ervic e  64. 65 

LOCP tion of trouol "  66 67                     08 

N-'tuiv of  trouble: Vibr- ¿ion... «. 2        70 

»      »          »       : Fin-i'£-:lco:-e pert  0       71 4-72 

Action by S rvice T cpt  73 74. 

Action by  Reñíarc\• Denti .. nt  75 76 

Action by  D-sien  "r;:ineerirr D<»pt:  77 78 

•)Kot*t Only lu-nr. of interest vif. regard to this  paper have been n-rked.by 
hole nuiiber. 
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fa Table 1 the col^ nunbers are Kinted »K«»"« e«h if»-""1» the 

„»bers of the holes are fitter in by the perforce recorder. He in- 

serts also additional Moneti«, as required for reading the card.such 

„ -eternal grinder-  ,   "chuc.inE &**•* »   ,•"*» • "   ,"•<* Corp." 

and. others. The cart is  then forvar« to the punch operator „ho punches 

the holes  in the riEht H,nd portion of the  IS! card accordine to the 

^ructions Civen hi,   oy the ^terranee recorder at the left hand 

portion of the card. The riEht hand portion vith example  for the punched 

holes is given by Table ?.. 
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The cooes comprise nuiriorous pages ano are givan here in abstract.On 

pages 7....11 the coco system for "liichine Type and I ¡achine Size w 

will be  found. Collums 37  .. „ /.O are reserved for then. 

In detail,it -/ill be  seen    Boring ¡'ills ancl Machines   (pcge 7)  are 

always  indicated  by hole " 0"  in column 37. A "0"    in column 33 signi- 

fies together \:ith the  " 0 "  hole  in column 37 "Horizontal Boring Ulis 

and ihehiner,".  Correspondingly a " 1 " hole in colunn 3o refers to verti- 

cal boring machines ,  a " 2  " hole in this colunn    applies to precision 

boring machine's   . Columns 3? and 40 give  information on the size of 

the machinée. As an example,   hole 1  in colunn 39 and hole 2 in column 

4.0 refer together to Flcor type machines over 5"  .... £" diameter of 

the bar. Punching G012.  in colurns 37,38,39 ar/' 4.0 indicates therefore 

a horizontal boring mill ,floor type with ov:r 5" to P"  diameter of bar. 

The co^e syster   ror gear machinery : - outlined on page S,again 

for punching columns  37  ... /0.A11  gear machines begin vith numeral "3" 

grinding niiichinos begin   with "( "   .Chucking grinders vith high RPM 

have the code number 4J20.   (page 9  )   .Page 10 refers to lathes   (in ab - 

stract)   ,   and  page 11 to milling machines   (in abstract). 

Drilling machines start vrith number 2  (not included    here)  planers with 

Nr. 7 ,   savs trith Mr.  3,  sheet metal    machinery with Nr.  9. 

The example given on Tables 1 and 2 refers  to a cbucring grinder  (code    4.I) 

with high RPM  (core 20)   .Some of the items written in by the performance 

recorder  (left hand side of the IBM card)  are selfexplanatory,such as 

year of manufacturing, machine number ,  an*-"! others    and shall therefore 

not be discussed h°re. 

The customer is  identficd by the first tvro letters of the company name 

as indicated by code for columns 4.0 and 4.7  (page 12). 



BORIî:G Î1LLS JO 1MHIIES 

00        jfarigontal    Borire Mili 

Table Troc, vr.r'cr 3" diane-ter of bar 
• V  t 3" to 5"       "        * .  • 
• •    , ovor    5" to 8 * 
• "    . over   8" " 

i 
a 

Floor TVWï,  vrv':r 3" diaroter of bar 
• V   t 3« to 5n       " »      « 
• »    ,  ov r    5" to 8"       "      " 
• »    .  ov r S:' "       "      B 

Planor Type 

Punch holes  in columns 
37-3^59- ^0 

0000 
0001 
0002 
0003 

OOlo 
0011 
0012 
0013 

0020 

01       Vortical.Soring IIlllofincl. vortical turret 

02 

03 

09 

lati "-Q3 

Svins 2?" to 36" 
*    over 36" to 
• «      5¿n to 
• »      72" to 
• »      10 ft 

54" 
72" 
12o" 

Precision Eori rZ Y. pellines, 

Single end 
Double end 
Special 

Ji" ; Ihrer3 

up to 15" table travel 
ovor 15" to 3o ">.nn 

3o" to 45" " 
45"      " 

Boring Milla and Machines, not otherwise 
dasslficd( Riflo working nachinc-s etc.) 

0100 
0101 
0102 
0103 
0104 

0200 
0201 
0202 

0300 
0301 
0302 
0303 

0900 

Prepared by 
Dr. H. Krononberg, 
Consultant. 
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GEAR    MACHINERY 

30 Gear "Hobbers 

under " Kn t^<« ciar.eter 
over /«." to 12"      n 

« 12" "   2/,»      • 
» 2.1» "    l£n      n 

« 43" • 

31       Gear S^y^rs  {sTurjholicrl^errtarnaljintcrnal) 

Fellovc type 7 
« «   7 A 
o «   6 
» "   6 A 
• all other types 

Syhes and othor nokes 

In columna  37-35-59-^0 
punch holes: 

3000 
3010 
3020 
3C30 
30^0 

3100 
3110 
3120 
3130 
3U0 
3150 

32 Bevel Gear Î'achine3 

all sises 

33 Rac1:- rr.d G-:ar Cutters 

all GÍ7,e3 

3A        Cc<~r Si-nvi?^ I lac hi ne s 

all si re3 

35        Gear Ginnc'-rs and Lapperà 

all   31 7.C2 

39 l'Use, G"rr i'achi rr-ry 

3200 

3300 

3400 

3500 

(incl.spline hobbers, but not spline nillers 
see rdllirc nac hiñes. Not including Genera- 
tors for threads, see thread nillers) 3900 
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4o 

a 

42 

o 

GRINDING HÄCHIIIES HCL. LAPPI!» 
AID KONIKG ILICIilIES 

ftrternal.r¡lain cylindrical 

up to 6" svritrj 
over 6" to 10" svin* 

» 10" to 20"      • 
» 20" to ¿0"      • 
« 40" • 

Esternal «y iv_JlI_l cylindrical 

up to 6" D'.rinj 
over 6" J o 10" suing 

« 10" to 20" 
• 20" to 40° 
• 40° 

Tntomal.cylinÇrlç^Lplain or chucîcinS 

n 
• 

Heald 7o 
«      72 
• 81 
«      others 

Bryant l6 
• 24 
• others 

Chucking Grinders  ,hÍEh RPM 
Other internal flinders 

Çenterlcsa Grindora 

ext ernal,all sice3 
internal, "       " 

Surface Grimier a .rotary table 

horizontal, 3 to 15" chuck diari. 
• 16" and over 

Tertlcal , 16» to 26" chuck dian. 
• 27* and over 

fcrface Grinders,reciprocating table 

horizontal, up to IS"  table travel 
• over 18" to 3o"    • 
• •   3o" to 60* 
• •60" 

vertical    , up to 18" 
• over 13"  u> 3o" 
• «   3o" to 60" 
• •   60* 

In Colusns 57-33-59-40 
punch holes  : 

4OOO 
4OOI 
4OO2 
4003 
4<X>4 

4OIO 
4OII 
4OI2 
4013 
4OU 

4100 
4101 
4102 
4109 

4IIO 
4III 
4119 
4I2O 
WO 

11 

• 

* 
t 

42OO 
42OI 

4300 
4301 

4310 
4311 

4520 
4321 
4322 
4323 
4330 
4331 
4332 
4333 

continued 



5 

50 

52 

53 

- io - 

UTEZS 

firmine ar.d Tool P.oori Lathos 
In Columns  57,?\59,A0 

punch holes: 

up to 12" owing, and up to 3o" center distance 
* *   n n        r.ore t'.nn " • * 

nere than 12" to 16" cvnr^un to 7„3n center clic tone a 
,1-oro t: ..in /•£" center distance 
,pp to //;n crt..r di::trr.ee 
•:on: t; :m A.Ì" c nt T dactanoo 
v*i to f o" crt";r (";i r- t'-.r.co 
rorc ti;.n(on  co: t r  cictariCQ 
ill) to Ç6" c. r.t::r dijtoxoa 
rr>ro t'v.n S6" center dictrjico 

on on 
"    16" • 20n 

an •     rr 
• 20n • 27» 
o    » en 
0    2Vn fl /+C" 
• » «    » 

« 

ri 

A 

a 
n 
n 
a 

4.5• c./in^ all ccnt.r di eterne e 3 

51      Cap Let he s 

up to 2>.n suing 
over     n       » 

Bench T?TO Lathes 

all siso3 

ye? at I.-."'-r:,r:-7i Typo ("Vertical Turret lathcc= Vert »Boring I ills) 

V £ 5,  Gioholt, J¿L,    B & 0 
Iiod-1     ¡? 

1 
2 
3 

5 

3 
4 
5 

Round Bar Capacity 

Under ln 

1* 

1 3AB rnd 2" 
2vn 

ever 21" 

Turret Lith.-:3f¿¿¿lo Typo 

un to 2'» 
3" and S1.-" 
J¡¿* and ¿B 

over CB 

54     ft.vtom.tic CimcUnfi Uichines, Siculo Spinala 

Baird 
Cleveland 
Footor-Cisholt CFastematie) 
Hew Britain 
Potter ic Johnston 
Warner £ S-^scy 
Others 

3 
4 
5 

1 
2 
3 

5 
7 

1À IL      7A,7B 21 
2A 2L       &.S3 21 and 22 
3i 3L 22 
fr fr,5L 

5000 
5001 
5010 
5011 
5020 
5o21 
5030 
5031 
5040 
5041 
5050 

5100 
5101 

5200 

5301 
5302 
5303 
5304 
5305 
5306 

5311 
5312 
5313 
5314 

5400 
5401 
5402 
5403 
5404 
5405 
5406 

(over) 
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imirG r-Acirnras 

60       H?.ìnr!
Torl'!CHtr4 Kr.'j9 Type Iflllers 

# 1    (lees th?ji 2o" table travel] 
$ 2    (r.jn talle travel atti up 
/? 3    (",/"      " " «» 
# A   (H"     n " "   " 
ß 5    (ror      B " "    n 

Univoml,rcrizor, tal I'r.oo Typo 13.11ers 

# 0    (Scroif ford tyixrO 
¿' 1    (tnVlc travel an abovo( 

¿' 2    (     n " "      M 

# 3    (    n " "      " 
JP 4   (    n        "        "     " 
# 5    (    • H "     " 

Vortical Knne Typo I 111 or S 

# 1    (tibio travel as a'covoj 
i' 2    (    • n "      "     J 
-" 3    (     « u an 
Í 4    (    " " * 
§ 5    (    " 

61 

62 

* 

In Colunns57,5^,59,AO 
punch holes: 

6OOI 
6002 
6003 
6CO4 
6005 

6010 
6OII 
6012 
6013 
60M 
6015 

6021 
6022 
6023 
6024 
6025 

Alitor-tic Yr.--n Tyfo ÎHilera ("Production Mllers") 

Cincinnati 1 - 12 end 1-18 typos 
Kcivrsj £ Troc'.-er 
Ot'aerJ 

Sinnier. P-r*  Tyy; llllers   (lydrocatlcs) 

Table travel lesa than 6" 
« 
R 

a 

M 

over 6" to 12" 
• 12" to 24" 
• 2/," to 1&* 
• AS" to 72" 
• 72 

pun^ex Bed Type l&llers  (Ifydronatics) 

table travel leso tlian 3on 

» •      over 3o" to l$n 

• « »   ¿S" to 72" 
• « »   72" 

63        Other Bed Type läUers 

Cincinnati Typo 2 - 18 and 2 - 24, with and 
vithout Rino ar.d Fall 
Cincinnati Typo 0-8 
other rakes 

6100 
6101 
6102 

6200 
6201 
6202 
6203 
6204 
6205 

6210 
6211 
6212 
6213 

6300 
6310 
6320 

continued 



-12- 

( Abstract from ) 
Code System for Custoraor 

Identification 

Columns 4.6 and 47 

Punch Nr*) Nanes beginning va th Pune 

00 
02 

Aa 
As 

- Ai 
- Az 

01 
03 

06 
Bi 
Ga 

-3q 
- Ch 

05 
07 

08 
10 

Gs 
Di 

- Cz 
- Dr 

09 
11 

12 
U 

Ea 
Es 

- Eh 
- Ez 

13 
15 

16 
18 Ga 

- Fr 
- GÌ 

17 
19 

20 
22 

Gs 
Hi 

- Gz 
- Hr 

21 
23 

24. 
26 

la 
Ka 

- Iz 
- Kh 

25 
27 

28 
30 

Ks 
Li 

- Kz 
- Lr 

29 
31 

32 
34 

Ma 
Ms 

- He 
- la 

33 
35 

36 
38 

Ni 
Oa 

- Nr 
- Oo 

37 
39 

40 
42 

0s 
Pi 

- Oz 
- Fr 

41 
0 

44 
46 

Qa 
Ri 

- Qs 
- Rr 

45 
47 

48 
50 

Sa 
Ss 

- Se 
- Sr. 

49 
51 

52 
54 

Ti 
Uà 

- Tr 
- Uk 

53 
55 

56 
58 

Va 
Wa 

- Vk 
- Uh 

57 
59 

60 
62 

Ws 
Ya 

- 1ÎZ 
- Yz 

61 
63 

Names beginning uith 

Aj  - Ar 
Ba - Bb 

3r - Bz 
Ci - Gr 

Da - Dh 
Ds - Dz 

Ei - Sr 
Fa - Fi 

Fs - Fa 
Gj  -Gr 

Bu - Hh 
Hs - Hz 

Ja - Jz 
Ki - Kr 

La - 111 
LF. - Lz 

Mf - Ir 
Na - Nh 

Ns - Kz 
Of - Or 

Pa - Ph 
Ps - Pz 

Ra - Rh 
Rs - Rz 

Sf - Sr 
Ta - Th **) 

Ts - Tz 
DI - Uz 

VI - Vz 
Wi - Wr 

Xa - Xz 
Za - 2z 

*) The first ìv.u-ibor ir  to '-» puncho^ in colixjn ¿6,the  second in colunn 47 
**) Omit "The" in conpany nanes. Col um ¿3 is l«:ft open for later subdi- 

vidinr; 
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In addition,  the lootion of a customers plnnt la un** for idmaifi- 

cation. First by states   (or rations)   »punching colui.ms <P w- r0   v«< 

then by cities or districts (colmm Si)  uà outlined  by « nuwbor of 

example eoo er. on par/s lA to 3 6. 

The oth«-r itomi-,  to b:> punched   (columns  52 thioush 65,seo Tnble .   on 

page  5) aro generally not of interest  to the nesi£n< r air   therefor« 

not discusser here in detail. 

The location of trouble  is,of course,of importance    and four coluwis 

are reserved for reccrdinr it   (coluruir, 66... :'n).    Tnkirr -a ir  e" .-»-lo 

the design of lathes into consideration    the follovinr, hole r.-.rU m ire 

as sir nod to colui m   66: as sib"-1     « p>mßh hole in colirm a, 

Hearlstod: and irr.nsri sion 0 

Anron ,Quick Chance Por 

Back bo'/,eloctr.  control 

Carriace, Tool Post 

Tailstock 

Bed,   pan ,lecs 

Motor crive 

Attachant 3 

N/C 

Other parts 

The further   subdivision of part location ir indicated by punching 

columns 67,68 and 69    and supplemented by so called "exploded" 

sketches  shovrinC the parts with their code nuiiber.    On page 17 

is shown the exploded sketch for the back box and the electrical 

control comprising   34. different parts   with code number 305  ..339. 

Another example   (page 18) deals with a taper attachment and code numbers. 

1 

2 

3 

5 

6 

7 

S 

9 



•%M**ït h*» I » • • 

Stat» 

Alabara 

Arisona 

Arkansas 

California 

Canada 

Colorado 

Connecticut 

City or Pintriot 

•ritiri» it«to 

Berkeley 
Frcrro 
Glen'.1« 
tcrj P' .r*h 
1x53 Ar /'Vj 
Oa! :l.v J 
Far-.' r- 
&ic r.        * o 
Son Î-"     -> 
San Fr .¡ cisco 
Sen J eve 
Santa "cica 
Stoc* ttn 

tniir« stnia 

• a 

Irtdjeporl 
fed »toi 
Irut lirtfon! 
Fairf I* Id 
fcnun 
Hartford 

Britain 
îfewn 

{few London 
Rbrvmlk 
Stanford 
Stmt ford 
MaWH,.ry 
Heat IITtford 
H«flt tkiv»n 

«P 

Delaware an tir« stata (lncl. Pa* Joroay) 

Hé 
ttJ 
1U 
UJ 
U4 
HI 
HI 
IM ua 
m 
UA 
UA 
UA 
U) 
134 

Diftrict 
of Colimbi a 

Florida 

Georgia 

lncl. îtarylnnd and irsi, Alexandria Cl% 
Arlington county,Fairfax county fa. 

entire atata 



tilt»* •     • 

i**riri--< 

*t* 

l*     -     * 

ï "• !      "* 

* 1 

¥---'      *   * 

âî t ' '   ^   "' 
âî 

ft«    •      * 

ru i 
ftr * ? • i *• 
» ' - t r 
kl     - 

tv* 
r** *- ï - 

••:*% » 

AfrcWc£l-'r 

M 
H* 

M» 

loi 
m 

M» 

M« 
IM 
t*« 
y« 
I** 
m 
1*4 
t** 

1*4 
1*0 
MO 
Ml 
M© 
MO 

f» m 
ut 

MMiMin^    •Bilr# •-**• 
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In Öoiuan» 49,«0,*1 
parch hoUi: 

ft-«*« 

WrrtPÉ* 

¥»»* lr.-U« 

»»•% fir : -*, 

iliy ©r Migrici 

•ntir« »tist« 

». .'.   •* 

e r - 
Grlv     '   • 
Ik».  *   n 

Hi-  lin r*vit 

•ttilr*  »l*U»   (Incl* ÌFÌ< 

rUr*  «»jiti 
Ì|,-*   • 'ri-   (•-• M ••-ri'»* »f CM«*i*) 
irî   •    *•• .    I •   •     •    •    J 

Hr • \ ' - 
it* . Iî-^î   .'ì.VW »t*%fe»«*î f!ì*r»**U *n4 

H*-11 »<•-•* 
law* - = #• 

If 
m m m 
m 
m 
If4 
im 
i^ 
wt 
191 

n 
10 
20 

»4 
Í24 

1» 

If 
%m 
m 
m 
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</ / 
8 

4 

r       €       C 

9-» 

v*- 
•  • \v y 

«     i 

&" 

ñ ò 
V 

»\ 

/«5 

/ 

,   ...s vV ' 
jr*- 

* 

4' 

Y'7- 

v /-. 
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The nature of machine trouble is likewise of great interest to the de- 

signer. It i3 determine by a nenVr of the service cepi.rfar.ent  .He is 

dispatched by the builder to the customer in case of unsatisfactory 

«achine performance and is usually able to correct such trouble on the 

spot.    However, in order to learn fron experience, the service canta 

report is sene to the performance recorder and columns 70.... 72 aro 

punched with the pertinent information  . 

In column 70  (page ?0)  the nature of the malfunctioning of the machine 

is recorded,such as  (hole 2 in column 70)   :Heat- Vibration - îîoise. 

»chanical  failures    have hole « 0 « punched in column 71 and hole 

U in column 72 when parts worked loose.    Hydraulic failures have hole 1 

punched in coli• 71,  electric trouble is narked by punching hole 2 in 

column 71    etc.  (page 21) 

Failures caused by improper handling of the machine are indicated by 

hole  5 in colunn 71  (page 22)   . Insufficient training of the operator 

is thus indicated by 51 , overloading of the machine by 52   (columns 71,72) 

etc. 

Ev&lurJiioji.ofJbh^_3^ciaLS^r)iSÍ--a!3^=^SÍ^ 

Every month or three months - -.s the case my be detersine by lanagement-, 

the  mr.rU-r, analysis d.p.rln.nt n:nr.  the  1311 cards through the  sorting 

mohines.   In this way  the  frequency of troubles can be  determined in 

great detail    and graphs can be prepared    çiving a survey of the complaints 

adapted to the requirements of the resp. departments such as management, 

engineering, sales, production etc. 

n^rel   ( page    23)gives an example    for the performance records of 

„achine tools of a builder of various types of boring mills,brocchi* «a- 

chines,lathes,grinders etc. 



-20- 
Coce for  ": ature of trouble11 

#* a » « !< *:• * '. • a '.. •#>.;• •;,• « ',;• ** ic * •* «• -:H.-% •:: * a 

Customer's    Conolaint 

Joluxan 70 
Punch Nr. 

0 

1 

2 

3 

U 

5 

6 

7 

3 

9 

Nature of complaint 

Quantity not satisfactory;  required output not obtained 

Quality    not satisfactory ¿required work dimension or accuracy 

not obtained 

Vibration - Noise - Heat 

Oil leaks out;  coolant leaks in 

Scoring of slides 

Sluggish travel;  stalling;  overrun; 

Machine brea': dovn,car>not be operated 

Inconvenient or unsafe to operate;difficult to clean 

Poor workmanship;poor design;  shipping error; damage in transport 

Other,incl. insufficient information 

Service Denartment's Findines 

Columns 71,72 
Punch Krs. 

(0) 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Nature of Finding 

Mechanical failures due to: 

Porous casting 

Part broken or cracked 

n      pick up ,bent 

w  has incorrect dimensions 

•  worked loose,vas dislocated; chains stretched 

"  too tight 

"      missing, wrong 

11      rusty,  dirty 

Interference, run out, misalignment ,poor engagement 

Miscellaneous others 
continued 
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Service P ejiar t/iej\t ^_3_jlncin^3 
(continuée'1) 

Colunns 71,72 Nature of Findings 
Punch Mrs. 

(1) Hydraulic Failures    due to: 

10 Spring failure in valve 

11 Pump failure 

12 Plunger loose 

13 Pressure incorrect 

14 Pipe clogging; rusty or dirty fluid 

15 Valve s tiering 

16 Connections loose 

17 Improper drainage 

18 Sealing,  gasket    failure 

19 other hydraulic failures 

(2) Electric Failure due to: 

21 Incorrect -iring 

22 Electr. equipnent un^ersise 

23 Insulation dañare 

24 Fuse burned out 

25 Short circuit 

26-28 ....   (open for later recording) 

29 other electric failures. 

(3) Lubrication Failures due to: 

31 Spring failure in lubrication valve 

32 Lubrication paip fail irre 

33 Line pressure incorrect 

34 Rusty or dirty oil 

35 Val\e sticking 

36-33 ..••*   (open for later recording) 
continued 

39 Other lubrication failures 



Columns 71,72 
Punch Nrs. 

GO 

¿l../+9 

(5) 

51 

52 

53 

54 

55 

56 

57 

53 

59 

- 22 - 

Service Department Findings 
(continued) 

Nature of Findings: 

Failures in the coolant system 

sane subdivisions as in co^e for lubrication   failures 

Failures due to improper handling of machine 

Insufficient training of operator 

Overloading of machine     (broken gears,  clutches etc) 

Incorrect setting of adjustment cogs 

Incorrect gio adjustment 

Incorrect feod,speed ,tool geometry 

Poor gui''e vay protection 

Machine not kept clean 

Chips accunul-te on machino 

Other itens(caused by improper handling of machine) 

(6) 

61 

62 

63 

64 

65 

66 

67 

68 

69 

Special Icons 

Shipping error 

Poor paintirr 0f machine 

Bearing trouble 

Machine out of level 

Incorrect !l/C tape 

Worn belt 

Floor vibration 

Attachment used not of company' s design 

Nothing wrong 



Cases 

15 - 
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|nalysis of Column 37 
(techine T00I3 ) 

Boring ¡Broaches 
Mills 

Gear 
Machines 

Hole Nr, 

Cases 

Ftat 2. 

4 - 

analysis of C_pl.unffl_j8 
of Cards with hole 4. 
punched in Column 37 
(Grinders) 

Extern. Tool - 
Grinder 

Thread- 
Grinder 

Single 
PurDOGe 

Lapping 
Honing 

Hole Nr. 
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From Fig. 1 management vili notice the relatively great number of 

complaints on grinding machines,aithough the number may be only a 

small percentage of the total number of machines built. However,when 

this trend is noticed over a certain period cf time, it will order 

a further break rovm of the information, namely an analysis of the 

carde vith hole l¥  punch-d in column ^7 .The result is shown by 

Fig.2 indicating that the internal grinder? contributed greatly to 

the reported trouble,and a^ong then the chucking grinders with high 

spindle '¿.yc-A-r.s  . 

Management vil] thus have the cards analysed vith regard to the na- 

ture of the trouble (columns 70...72) and conclude that a redesign 

of the machine is economically justified . The first step being an 

instruction to the research department to investigate the case and. 

to propose,in cooper' tien '. iti; the engineering design department, 

changes in the design or an entirely nc-\i  design. 
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Design yro£nps^_l¡v^o^eLmJiestsm_m 

Having received the order from nanagenent to proceed with developing a 

new desicn,the research and the engineering deportr.ents begin to dis- 

cuss a general  lay-out  . The actual design is preceded  by  the tenting 

of a model in the research departí.ent  „These nodels are usually rade at 

a reduced scale    and analyzed with regard to the desired  specifications, 

giving the designer definite data for the design and often alternate so- 

lutions . 

The reason for nailing a nodel is to pndict characteristics of the 

full sise structure.    Certain basic rules rust be observed    in order to 

obtain    a realistic    relation between model and machine,as shall be shown 

by the  folloving exanple. 

Assume that nu-.mre. ent wants to find out whether a steel voided bed of 

a high speed chucking grinder    with up to 100 000 RPM vrould give satis- 

factory performance  ,namely higher accuracy than other types and free- 

dom fron vibration. The research director decides  to build a half scale 

raodel of the bed  in aluminum. He has  selected aluminum    in order to 

obtain r.  simple cir thea-.tical relationship between the vibration of no- 

del and     steel  bed. 

The relationship    can be  determined    by dimensional  analysis   (see ref 1 

at end  of pap>.r for further details)  as follows: 

Let E   anr1 Eb = modulus of elasticity    of al uni ni un model  ( index "m" ) 
and of the  stnel  beo   (  imex "b"  ) 

"    V    "    !b = notent °r inertia of model   and bed respectively 

«    tya    w    1% * mss of for^l and bed  respectively,nanely 

M = volurie .density/ 386 
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L.J ene   LD ~ length dimension   o? r.o-'ol   'nò bod  respectively 

r • •Un/Lv   =*   rr:tio of lor.f;t.h dir errions vide'   represents the reduction 

in linear siv.e   of  the model with regard   to the actual 

structure. 

The natural   *'r« -;U"ncy of vi or tion fol lova; from  : 

f E   .  I 

where the- co; ::l"int    refers  to the eiy1 conditions ,such as hinged, 

(1 

clanped,  etc. 

The ratio of the natural frenuercies    of mo el  and steel bed is therefore: 

E. 
wm / wb = 

in \ • h • % 
E,, . ib . i^ . r^ 

(2 

Using alunin'E    ""or   the rc'cl and   steel   for the   full   bed ,"ith E^ =  10  .10 

and Eb = 30  .  106 , th«: ratio   %/^-0 = l/3.        The ratio o** the moment of 

inertia  is proportion".]  to  the fourbi. po'-*r of   ohe length ratio,   hence 

Ijj/Ib = r^. V.'ith the  density G.09Í  ( al urania". ) -ne   0.238   (steel)  the 

ratio of the   mannes   fol'ovs fron    lyV^ =  O^/l^)3  .0.096/0. 2S8 =  r3/3. 

Substituting   these  .'ata into eq.   2 yields  : 

Wji/wb   = 
r*+ .    J> 

3     3 . r   .ir 
= l/r (3 

Eq. 3 indicates that the ratio of the natural  frequencies of model and bed 

is inversely proportional   to the  ratio of their length dimension  .Hence vhen 

the aluminum model   is half the size of the bed   (that is when r = -J- ) the 

natural  frvuency or the morel rrnst be twice th-1 of the steel bed. for equal 

per for .anee   .   In this way  is it  possible to investigóte the cìesign before 

a ¡Ufi chi ne h-s  been  built. 

The intensity of vibration cm be kept low (according to Figure 3)  by 

rigid desipn and by introduction of danping,i.e. by designing "left" of 
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/./.O e':£ 1*i o'-  -T"  t.c  cev r   "-I* •    *.*. iîr      » r   i   .-• 

r-in>-'*c of  the acini  rf /". ' :ìH   (  IJO OCO RI i =   1Ó70 cr>s;,     !"•>•   'in;r Î ì.ì'K ',,•- 

iricasu:';''1  on the-  Model v-ro very ¿nal 1   o;x"3ri  ir; ih-;   ne i ri 'oorioo *  o"   i'nut 

150  cps.  It -;PS   foxmr  by lutor tento  thut this dist-u-bar^e was   ni-  -o  th». 

frame of the vibr tor    support    nH  not inhrei.t in   ih*:    eíúrn. ï;t;rvr» i*. 

could be stated  that the design of the new structure "oixH be vibrution- 

free up to 100 000 RP.Í. 

The welding nenuence c^ the design is  indieat d by the nunbers of fi jr.... 6 

Page 27. 

A comparison of the old design "nd the ne;.» one is presented by ?%".• ff 

(Page 30      ) The  surface finish improved fror, an average of 16 jar. to 

an average oí    fl.5 Jtm>the dimensional  accuracy fron 67 un to 15.7 pi. 

Grinding time was reduced fron 12 s to 2£ 3//ell justifying the effort. 
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E>-ar:ipl-3s for the desifyn___of JiúlJinjLJ^'^line.i?âr_itS 

Except  in canes  of routine nenian changes     or of designs of minor signi- 

ficance the cesión <;epartr.ont revends on tho findings of  the research de- 

partment  if no  ''ata are available or if comparison between several possible 

solutions is desire'"1 o 

Several  exanytl-'S  Involving machine  el enents  shall be discussed   row. The 

question was ask JO when designing a hive  typo rllHr^ machine  '.-holrvr  the 

ribbing  on the  insi-e -/alls of the   coiaio  s-'ould  be vertically  arra^g-d 

as shown in ZiilJlJ   (Par.   ;2a)   or at  an angle -is  shewn  i.n LHLilL.^''1 '(}  °2'^ • 

A nodel was develop'jd   ( Fig. 1%  F".ge 32   b)   and  snojec-Ud  to  torque ¿  of life- 

rent m/ignitu^e   . The  defer i-it,ion ''as irr-su'-ed at  niiFrous   pl-oos us   iavai 'ated 

in Fig.  15   (F--T'   3-  '»)   -Tno  r'at'1 rof--r to  ILI. The  lor:^  at "A"  und   »3» re- 

presents  the   forces g-_mer-ited   by   th-   feed   in a iriniiig op- ration.    It uas 

found  that ribs running   it .',5°  (Fi£.«_29 Pa-e 32a^  'iro more °n*ecbive  tll"n 

the custonvy v-.rtical and horizontal arra:-jr. n-nt  .Thin  applies  to Cases 

where  the moline comuna is   -,nb?tar.tia"ily  un' r  torjue. 

Another  erannle for cases where no--e  than  one solution rvust !>.-•   tal:on  inlo 

consideration in the  -esign of Eui' eways   for the knee of a nJIJinr machine 

is given by Fjigs._12^n^ JD  on Pape  ?2a.   The probi CM was  to de terzino whether 

the Reaction Forces could becone zero and  thus prevent a satir factory guide 

and freedom from vibration. 

With the dinensions indicated on Figs. 12 and 13  the ro-.ction forces arc 

as follows  (Table 3): 
Table 3 

Design rig. Reaction A Reaction B Reaction D 

12 ( e - L/2).Pv/a sin¿5°(e+a-L/2) .Pv/a        sin 45°(e-a-L/2) ,Pv/a 

React.=0 when: L/2 L/2 - 

13 ( 2e+ H)/fca+ L +'.l) sane as for A 

= L/2 + a 



Oí) 2 -32 a - 

•H 

^^x\\\^^S£& 

J 

r^~! 

II 

-»— ¿—*. 

^ 

•H 
fu 

an 
nùac 
Da 

n 



Ti 

Fig. 15 

Fig. 16 





-33- 

It will be seen from table 3 that the  reactions can become  ZLTO only in 

the  case of design Fir.  12 when the  feed force has  a distance "o"  indicated 

in the second row  of tibie 3   (Page 31). In the case  of design Vif.. 13 the 

reactions do not  become   r.ero  ,recelées of the distance of the   feed force 

from the coluan fnce. Hence design Fir;. 13  if, to be  given  first  choice. 

Friction forces luve not b ,cn inclue od  in the formulae of  talle  3.If they 

are  taken into conjuration the conclusion vil]  be  none  copulo*. 

The  preload vith which an overam is   clannod  to the  machine colui n way 

affect the  ch-nce of vibration. Fig.  14-  (P?.ge 32 a  )  illustrates tlie cross 

section of a boxlike ov.rawi.  Pv is  the feed  force  and Q  the force vita 

which the  overarm is clamped.  If "Q"   is larger t'nan top value of the vibratory 

force friction damping  is abrent and  vibration can be reduced by opening the 

claming screw  (ex-rting  force Q)   .  If  the clamping  force  Q    equals tho  mean 

value of the vibratory  force,   friction damping ia  usually indicated and  hence 

the  clanping force    is   satisfactory.   On the  ot*rr hand,  when the  clanping force 

is less than the  lowest value  of the  vibration force,  the  clamping screw is 

subjected  to periodic  extension and   contraction »nò  thus  not able to  pre/ent 

vibration.  Hence  tightening of the  screw is  indicat-d.    A device for  nelf- 

adjust.vnt of the clanping screw in therefore desirable. 

Is  it better to design the overarm with a large vertical  or horizontal 

moment of inertia? To answer this question two overarms vere built with the 

same mass but òi "feront moments of  inortiaj£if_lo„P- -Re  32 b). The   mass «a« 

was in one cane  horizontally in the   other  vertically arranged.  The results 

indicated  that  for sh-.llo" cuts the  right sketch of Yjzúíl      is preferable, 

for deep cuts the left  "nane design   . 

In order todet-rnine design data for  the twist angle of lathe beds as affected 

by the base model tests and full design tests were run .Fig 17   (Page 34.a) 

is an illustration of the test stand which could be built at low cost. 



Fig. 17 T> , t i,tuì.n for •••.^miring <   «Igt  fiata 
( Twist of lathe imam  ) 



m    ' T—L *— 

—L 

hfa 
Jí 

!•'. 

r 

.', 

% 

i 

I i /J r. ' "i 
f   fri 

Ì 
**z 

L.I   j 

X 



L 





-7.   *•  - 

:,-..'l 

L 



The deform Uoru "rre .manured • It/   H i .il   ine'ichors of hi ii accuracy and 

the loads applied  by piaci"f ealibr.-tcd veï^ht- on the  tvo p.rrns. The  in- 

vesti-'Mtion '/an  crriod out v;ith  the bed o illy and   with   ?n:'i'  bl> • <  u<<c and 

base  .    With the  data in-ì --it«     on F';;.!'. (P->-<    ^  -0   -^  foi -o  ir--  formula 

was use1 for conputinr the 'Vfon-.ütion ir. tm^ 0'   anjal- o" U'ist: 

57.3   ( F1 • Rx)  -  ( F2 + II?) 

2.B.L.  P  . A 
(4 

The results indicated th it the an,<-;le o° twist is reduced when the bed is 

dOSiC^*'     "iu!1    ••    '.Oil'    ,"..*;    ry        '•'    • 

In sotie bronchos of Enfin.••••ri..g it is  often di' fi et tit to deter: ine vrhat the 

endconditict; ir. r-ra • -i •>'• .ore vi i-h are ar.sun -: in handbooks  for the ';efl~-etion 

end stresses  fjener-.i.'•  in trinci :d  rio». ahafte   .Ta oth r "ords,  are  Un; shifts 

to be tabea :-s  "elanped",   »aunt   r.er"» or nvui'^<'  « etc? 

Tests "ero th •-"efori; r.n  to sup Ip desi¿n    data for the engineering depart- 

ment.    Fit;,  19   ( pare /% c  )sho  a  th-  hydraalic device  for lo. dine  the online 

shaftsvhi'Mi v.-re  inv-sUr;  t<d  for-  th••  stresses by ?' :mr;  of ütrain r.t^s.The 

same set up vai? then une-'   for ¡T-asuriec th-  correspond i •>«; -'ef 1 ectlon:;.      The 

shafts were supported in ball  bearings,  in Timben bear i n^s,in plain b. aringa 

etc. and  the  data deter-ined. The load  coidd be applied  at dif'fereat po.-nts of 

the shafts by  shifting the supporting frane si-evise   (¿ifaïQ Pide  % d)  Thar: 

three differo.it  load   -cmditbons  could  te  evalu<-tedfwU:    different r-act'm- at 

the bearingb. 

The results  -tre shovn on Fiil._2l  (Paf;e 34 e) wli r- the  lo id Î   it; ..lotted on 

the X- axis   and   the deflation    D on  the \- axis.  Ii will   he-  seen thai the 

theoretical   handbook values   (Lines  A   f\ ig dl)   indiente  1 -pe. r ••efl -étions 

than the actually measured   'ata,   (Unen C,  Fi£.?l) which tak^  the  preload 

as occurring in an asse .bled h nring  into consideration. Lines B represent 
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a looie bearing adjustment. The shafts are slightly bent upward by the 

preload of the beringe , that is ir: opposite direction to the load. Vi- 

bration, due to  ciiar.ge in the natural Tre mency of the shafts,is also 

affected  by th<> bearing adjust-ont  .  It is thus advisable to be cau - 

tious  in the application of hnndbooh data which are valid for other fields 

of e.aginecrir.g where different bearing conditions exist. 

Computer - aided  '-'esim 

The latest ' evalopr: nt in engineering product '"csign is the use of com- 

puters   . T\ey ; .-c   slowly but consistently entering the  field of design 

'tft  r  t! r ir ;T'." t .-access   in pro'"u"tior:   ,cost accounting etc. 

The d'-s.'yn englrner forr."il-'tei> input dr. ¿a,has it programmed   (or does 

it liira elf if trained in the art)  aad  the computer    delivers a range 

of results. As  an enanale,programs  for int. real stresses in parts and 

enuiipmerit can be set up and  the answers obtained  fron a  computer.    Among 

th'    a  v.::t rf.a  of the co: put r -in contrast   ^o the  conventional calculating 

:.•• '-'naine - is tiie fact that  the results can be saved  and  reused at a later 

date a-it'nout    • Tí ting domi ev.ry item ,  cren those that  could  not applied 

t.h<-> fiist time. 

Rolling up  u;d  down a window in an autonobile nay appear as a simple ac- 

tivity of operating an rcuipn nt. The design of the mechanism ,however, 

in-, olves  -000 linkage combinations   ( Ref f.). i if-. 22     (P^gc  37)  shows the 

liiil: ,ge for moving the  vindow up and down.    Less than 500 linkages would 

satisfy    all ("esigi; requirements    and of there the  computer '-'ould select 

the nost desirable combination within the space líi:át .tion;   of    the      door 

size,  ; nd nun reus  oth...r para et. rs. Equations      for the optimum design are 

the basis of the   computation. 

The path of the motion of an automobile window is an involute curve followed 

by the front  (F i   ...,F ,.YLF -3, Pt-ge   '7) and by the rear(^W3.4)) ¡the curves 
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are,hovever,not necessarily identical   for be3t   rolling up and down the 

window. 

The cross am aechanisn  (FíR 2¿. Page 37)  provides the required window 

sup;x>rt and geonetry of motion .It consists of the driver arm CAP and the 

equalizer link IÏA3. The  driver an controls the vertical notion,the link 

the horizontal mot:_on.  Pivot R is attached to the front holder '/Idle pivot P 

can nove in a slot  . The radius of the driver am depends upon the distance 

of the line R - P in up position of the window from fixed point C  ,upon the 

distance of    line R - P in dovm position    fron point C  ,on the angle of 

driver rotation apd on    n angle from up to dorm position of line R - P. 

An equation for these relationsliips is used in the computation in conjunction 

with other equations such as the torque and others. 

The computer delivers lists ^or the lengths of the link, for the pivot point 

location,  ror vinuow-up and for windov-dovm ,  lists of driver aim torque    etc. 

within A 5 seconds for nost problems. 

Computers are r.lso boing used  for determining various designs of tractors 

and particularly for finding the physical reaction of the operator to diffe- 

rent  jerks,velocities,   acceleration etc.  in an attempt to lessen  fatigue and 

provide a comfort  zone,   (R :f 3)   .  In this case  analog      computers are used for 

simulating  the conditions. The system is  reduced to  its mechanical equivalent, 

that  is  to misses,   springs etc.so  that diffère .tial equations can be written 

and a wiring diagram be  prepared.  The voltage  c.n be measured  it any desired 

point  and hen e the analog quantity aetcrriinoci. 

In conbi nation with the conput.r it is possible  to    design a mechanical device 

for testlag a tractor before  it is  built. Fie:. 25  (Page 39)    shows a platform 

with cylinders .If they are in plias e the motion is pure bounce, if out of phase 

it is  pitch. The oil flow is regulated by valves which can be controlled by 

electrical signals which may cone    from a tape record or an analog computar. 
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Component design wit'   conput r aid. 

Computers can be used to advantage in the design of components such as 

sprirgs,  gears,  caxs,  belt:; ^shafts  a ad others.  Usually a liât is  first 

prepared    compiled  o    the basis of frequency    with which the various  com- 

ponents appear ir:  th.  design and with regard   to the  difficulties  involved 

in computations, ti ri    fr< eing the designer from   repetitious calculations. 

It is often not practical   .o try  to take all  problems into account that 

might come up,  but ine lue e only problems      'hieb car.        reasonably be ex- 

pected  to be of aid  to the design r. 

The basic    qu.iti.ons eus t be  supplice1  by the designer  es • ; y be e: :pl:.incd 

by ax example    for the design of gears.   (Ref. 4.).  It is necessary to specify 

the need of  the gear  to op rate with an existing gear,   to design a pair of 

gears    to operate at a given    center distance    or a center distance that is 

only approximately -"eterelned.    The   "esigner nust    determine the cliarakter- 

istics    of  the gear material    ,the  surface quality,   the pressure angle,the 

velocities  etc.  lie can limit th:   problem to exclude say the width of the 

teeth in order xot to restrict the parameter. 

Table 4  (Page 4I)  is an example for computerized gear design. The given data 

are listed at the top of Table 4,, axd include the quality class, the pressure 

angle   (20°) xhile  the face width is excluded  by numeral " 0 ".    The approxi- 

mate  center distance is given as 1.375",the  input RPM is  1500,   the output RPM 

300.  The input horsepower is  not specified  ,w'.iiL   the  input torque is  given as 

0.75  ft-lb. Other data giver, inclu'e: allowable pinion stress,  gear stress 

and the m., 'ali of elasticity for pinion and gear. 

The computed èesign data for the pinion are listed in the second portion of 

Table 4.    indicating tliat the    num.trr of teeth of the pinion must be 20,  the 

diametral pitch 32 ,the max. circular tlu.cb.ness 0.04.759",the outside gear dia- 

meter 0.6835",the tolerance + 0 /- 0.00625.    The gear data are collected in 
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.00000 
.coooo 

Table 4. 

caanirto oeste« S»T»- ' 11! OH 

LIT» a»*5-c:>"»»'"IU -1 
•ft   0#    TIÍT«         

OIM*T*M.   »CM          
Mcsiuoe «Mj-vv»"i    — 
»r»o«»o »!»-•• T-«'"«-'<.-- 
TWTH  »0»*..».\'-5.«   i:    --re'- 
H»i.CI».T««l.'l»'SS     'F     •'!.    »* 
ftsriM. »»oi <s-i"-'s      
TOkfOMCE   C»   "•>' ""••"•   •»"•'">- 
»•litOWflilf'   »«-'i      .i»i.»- 
»»M.TOCTX M • x,--' .»»•••• -« 
•UMtï»   »I»«*'"      '      •"•   " 
NUIIWC!   C«i   »  •      ' «      •»»<•• 

l»-"L * - !»<"»«f'S 

20»00000 
11.00000 
•0.40000 
g.DiM 

0.0»'1* 
3.11010 

- 0.00*00 

oloot to 
S.MHI 

- 0.00*11 

*f»    0»M 

iir» n.*s 
•t*   3» 

MflfeO*    « 
»Tute«*..; »i 
rea?** *!*»»* 
m.( s». •»• 
Vtttl«b   ••" 
m.t**« * • 
• l,( 10»". 
•Ma. »-*'.'«.   • 

Cl.t**»»<  » 

(   H*   : «    »»        » 
| MM *• « 

»I*.. 

11. 
10. 

1 111*0 

« *.M» 
I 1*0*0 
* a** a» 
1 30*W 
t «111« 

1*1»* •**!* 
» .«•OH 
» ,/»«•• 
* .#»01» 
.*»*•• 
,»*U*# 
.01**0 
.••«** 
,*•*•« 

» .MM* 

KM -.MM* 
>*» .»til* 

• .«•*•» 
»**!* 

,«-<«« 
-««#» 

••»*    *p***   s'^^    -**#*t*   -*ï'W   s   t*#*fpit 

f   !••<(#    •«• 



-42- 

the third portion of Table ¿  (Page 4.1).    The pitch diameter of the gear 

must be 3.125"  ,it3 cutsir'e diameter 3. 1835"  .The clearance is indicated 

as 0.00825" and the uidth of the teeth  (vhich h d not bien specified by 

the design r ,. ee top notion of Table ¿,)  is given by the conput r as 

0.25". Other data for the design    of the gear include    the  tolerance of the 

cent.r distance  ,  the number    of Veth in contact,the ratio of transmission, 

the pitch line v.locity ,the rax. permissible torque,the sliding velocities, 

the efficiency ¿nû the vari ou... s trejses. 

The   'ata obtain h  Iron th., computer :«ay suggest to alter the design ana to re- 

compute the various data fwl deh is      one in a ver;- short tine  and thus aiding 

the design r  tremendously, ree" ¡cinc the cost and e: pedi to the  completion of the 

deeign. 

Computers   "or a thr e   "iaee. iorv.1  pro"..l:n.-see   the gear    rive transmission of 

fig 26     (pf-^e   41)-can   JUo be prograisned  for conpuC'.r design.    Combin tion of 

••varal deal .:   jobe  i:  4.o ¿Ibi«    ;   to faillit.a« t,lz  tee component tesigli pro- 

gram are    ;..,lat in >, on ¡n.,~netle t..p«   and r rort'i    «re 'eat ,enablir.g the a©- 

• Igik'F    a«  Tin«, a .^«slr«'-; pFüfTaj*. 

I« mm* w'e ,-n?  -* great mibr of g#*rs »re «nfafinf la Vrjriow way* the caqput«r 

aii..«Kî    *-êlgr  ij i*U«wi • «r kr it e#lp (If 5)»«v*n Tor    ostini*« th^t  *o not 

t^ira  e#rap«i  rs   la   the o   -.  plaat.  In  ,§,*:-    «•%'•#  .¿s« is SL.-'e  of rentlr*  icrpuV-r 

it*   'torn  * 34H"tr*l -. nrl • or^ *ni .•*•• ion -.¿y s*bl« or '-é   :•->,: lr^ th-   profr*« in*» 

í •ñutían   « ti» mr i *• '»rra-i .a* ion.    * e e*Bspwk r e*.:   »d-risa tfe*    «aiftwr 

•a* ii ia^i«*i   ,!'-#»|*i%    it«  fil        r*t   i-*t poi.»« ta» §à&r%  »•catión ,'*i r¡ auaspl*» 

if m%ht~i>    a&*  «J*     *a tit  g*~j* dia* *^r*  . r»  >J» lari«   "-»r  r«ea*t    itMi Use 

gtw« *,*;.*if **#,*'#    .*»,   ^ p »:<•#•    •#* lag ar   -  lift «ifMart *a * »Ifml« 
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The analysis of load distribution in bearing3 is complicated but has now 

al»o been programed for computers. This nakes the design considerably 

•aaier because the Infor-ution can be used for predicting bearing life 

for alternate  conùitiunj. 

Tb» aboTc diajrjis   (Fig. 27) have been plotted from computer oetcn-ined 

data    for roller bearings   with U cylindrical rollers   (Ref. 6 ) of ¿0 an 

âUMittr ar-i 40 :-M lengf... the baari.\g3 iiave a pitch diar^t r of 205 m, 

awi hare  to cury a aax 1<   d of 30 0OC Lb. Tba   «laaliipsaeBt, uns*- not ex- 

1 air,, and the clearance at operating  t*-!3p«ratur»   ;d:ouì<ì be G,0Q¿*. 

graft»  li-ov  the  refaits  and  sa¿   be ua:d  í'or  firming  the  nax.   io A par 

la.-«th,  U*  ;©*: at the roll r e-.gej,  the contact length    of roller 

r*ce w«/    etc. Trie effect of flati on the rollers on the unit load 

VUtoMlae te read fra... the éiagrsa». 
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In engineering design the "Fortran" computer language is mostly used in 

the United States. The ten.: "Fortran" is derived  from "Formula Translation"f it 

indicat s that this "language"    is particularly :;ell  adapted to solving 

formulas by computer. Arithmetic functions are expressed by a Fortran    function 

consisting of a few letters,such as 

square root = SQRTF  (the  "F"  indicates function),exponential    = EXPF;  sii.e = 

SINF,   nat.logarit!in = LOGF etc. 

Several methods are used' getting data and programs into the computer,namely 

magnetic tape, punched paper tape, cards,  and typewriter.    In the first case 

magnetic spots are produced on the tape representing  the da ta.It is a high 

speed method and  usually used   in large scale computers. In engineering com - 

puters    the paper tape is nor e coupon; it rolls fron a  supply roller bo a 

collecting roll r. Cards are also videly in use   ,A different card  is needed 

for each    instruction in  the   program. The  typewrit rs  look like customary 

d.esigns ,e::cept tliat repressing   a hey transmits    an electrical signal  to the 

computer .Th    type-rit.r prints also out tb> results  from the computer. 

In the design o^ a coupons-it such as a steel beam ,the deflection and the 

stress are usually needed by the de signor. Fror: the formulas 

(stress) s = 6 PL/bh2 (5 

(deflection) d = 2sL2/3 Eh (6 

the computer prints the answers in this way: 

Stress Deflection Length Width 

1500.000 .0004.16 ,50000 .05000 

3000.000 .000333 .50000 .05000 

4500.000 .001250 .50000 .05000 

Thickness Force 

.02000 .10000 

.02CC0 ¿0000 

.02000 .30000 
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A further step in the direction of computerizing the design of engineering 

products is the development of drafting machines that are controlled by 

punched tape in a similar manner as numerically controlled machine tools. 

It is possible in this way to prepare drawings frota formulas or data ¿iven 

as coordinates .particularly in the case of complex contours. 

Although computer aided design is still in the initial sta e it is clear 

that it is goinj to play an increasing role in the near future. It will re- 

quire more analytical training for the designer and may displace design en- 

gineers engaged in   repetitive work. It will mean an "up/radin. " of the 

designer in that he will be able to devote raore time to creative and inventive 

engineering. The cost of programming is still often too high but will decrease 

in the years to come and thus benefits arisin¿ from computerizing will also 

become available to the engineering office. 

Qptinization 

In cases where the computer yields a aeries of solutiomof equal technical 

quality ,the cost factor will enter as a significant quantity in    de- 

ciding the final selection of the various design possibilities. This process 

ia known as "Optimization". 

It can be obtained by trial and error methods, by aodifyin¿; the successive 

designs, by experiments ,by mathematical means and computer. It can becoae 

rather involved when it is necessary to make use of matrices, non-linear aqua- 

tions etc (Ref. 7). 

For the sake of simplicity an example shall shortly be discussed which ia 

taken from the field of optimization of machining of metals as outlined by 

the author(Ref. 8) because the basic principles are the same as in the caa« 

Of design. The oroblem is to decide whether a brazed or a throw away carbide 

tool should be used ,n the machining of a riven metal . Both tools have th« 

aaae tool life and cutting speed. Also the feedin/ time (or cost }, rapid 

traverse cost and other factors are the same as will be seen froa labia 5. 
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Lover cost vili therefore be the criterion for the selection  . A computer is 

used for rapidly determining the cost and compare the two possibilities for 

the tool. Table 5   (Pige 4.7)    indicates thr.t the  throw away cardie e tool 

when used at a speed of  94.0 ft/run -even though the tool life Í3 only 5 ninutes - 

is to be preferred   . The cost  per piece amount.;   to .? 0.90 in thÌ3 case as 

against 0 2.15 in the ca.-e of a brazed c r'd'o tool uced at the cane speed 

of 940 ft/rain . It vili  also be note b  fron Table 5 tlv.t the  brazed crbife tool 

run at 6OO  ft/nin    ith a tool life of 37 -.in'-oulb still be rare expensive 

nanely $ 1.25. A bd^h spe C steel tool m 5 ain tool life vould rise the 

co3t to '; ">..'/"  . The resp. data have been circled on T^ole  5. 

Kitchen utensils 

The design of kitchen utensil» "¡ich are typical consumer f-©o¿s dependa to 

a large e.tert on the manufacture c '^tbocs that are available or nay be con- 

siders by tbr f.oEl^rf r.  Tlds  is facilita ter! by usirg the »quJpnent    of ? oEipfc.nl eg 

wiilch ret.t out the resp. machinery or canufaeture certain < asigna on a contract 

basis. 

Serrai exaryleg of kitchen utensil» .are Illustrat>:d on Tir*, ¿a  (rage 48).They 

can be manufactured oy » relatirely n*w process known  -.s flot urn inf or hydro- 

apinnlnf. It p ruits hi*, h pro«., .¿ction r>.tes(i.t r«latÌT*ìy low cost)of consuaer 

goodg that s:>ould    ..et only t*> useful   -nc practical  ,ut also satisfy the ganae 

of beauty of the   :onatga r, ka an ex a, fie,   the four i«î«ir* *x*. : $ \t  the left 

aide ef fl^., ¿#-  '?• c*» 4d)   Jrm «a< e o' ttaInl*s»  steel   of    .   *"*• %«all  thi^. neat, 

Th« ¡4eai;;T. r,bov**»r,   1 •   <"oi  iWU.    to '..*» thai  thT^naae    of the   »ice wtll., 

of the *«* dlaaaaio« «  the  origifL...!  Mat  rial or the   flat  batten of th«  bewlj* 

Me ear   tain out tha  .*!•- «   /alla Mri *e  a la-atrl  1* ri» »rr-wirt  the  spaa *<M#tKi«, 

•Forar Ir 4   ;>-: aeejtfeetle   i#f:f*i»    TS«   ?%a*> »r-.r*! i«r*' 1-"   -„pfii-t %e the ""«alpi 

and »ays.»/act«.-* of  the     -jtfc r  pa-ta  a*«* r  sa fj^a -f..     ¿ ^  laclad« s«e*¿.ae* 

tra,  2*ffe* paraavlaV *•», JrUaiaf #%#• ate« 
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Upon first consideration it rdght be thought that fio turning is very simi- 

lar to conventional spinning. There are however considerable differences. 

Convf-r.tiorivl spinning utilises a relatively thin piece of naterial and pro- 

duces the shape of the finished part frciu the diameter of the starting 

blank, .wile the fio turn procès". ( Ref. 9 ) does not change the diameter or 

shape of the original blank ,but produces a finished shape by < orking from 

the thickness of the blaric producing a considerably tldnner p.v.-t. Fig 2?,, 

Page 4.8, shows a rough comparison between spininng and fio turing of a 

tapjrod part. 

The author p-anticipated partly in the earlier development of the method 

which must be understood by the designer as is always necessary in the 

design of engineering products regardless whether they belong into the cate- 

gory of in us trial nachdnery , equipment or consumer goods» The designer 

must be fanali:J* with the i anufacturing processar;ids designs . .i ght rot be 

producible if he h.,s no knowledge of the production i.ethoc involve-. On the 

othar band a new or improved nanufacturing method opens new fiele;s for the 

designer. 

In the case of the nixing bovis (Fir?. 28. Page ¿8)the design starts with the 

dimensioning of the drawn blank (Fig 30 a Page 4.8) in order to d-rberuirc the 

proportions of the finished part (Fig 3Cb Page ¿,C) .Involved are ¿he values 

for T2,Y, (b ,X2 (Fig 30 a) and for TX,Y, oc >Xl . The relations-dp is expressed 

by trigononetric  fonctions widen may be computed in a stepwise fasidon ,that 

is in snail ine-events around the curvature c*" the blank. 



Qtlfcer teal ~w aewe léerat jone 

•%•«>» tre  mumrmuê ailier tyea>e ef  d«et¿ne which  eon »al y «HartIf It 

te^efce«' i*p®« here. At   an ntspl«,   lis« h usan  ^4/   tit«  euat   I«   take« 

int« taaelaara* Ion in   the deaign ef  •a.uiaawnte  e*«eh at  work  »leeea» 

efftee tea««,   Tontrol«   «to. 

ft A« J1 {*•-+ M î   «haa»  ««s»   Ulwatratlsn» for the  correlation »f the 

11 tei y   «it«   and »he  dtai¿n of workplaeee.  If an aauipaent   1« loeated 

the*« an  at «It   (Sei n)   ft/.   V •     the »art leal   clearance  for  a  tall 

aan   pU«   •hi«   end poeaibly   a   aafaty h»lu.z<   it  abojt   ?<*   to   77   inchat. 

•it« the   height   which   can be   r«aeh#d   by •   ahort   jtan 8f only       76 ta  7$- 

th«   «art i cal  clearance     ran¿e   san   ba  only  abojt   I   to  2   irsehee. 

Tfca  ahort   operator suit   ba  aaad aa   the atandard  -hart  it   ia neceaeary 

fat*  the o parator   to eee  wr   an aqyipaan*   rack  (fi¿ 31   b   ,   Paga  }!) 

Céntrele  on »art leti   raeVt  ahould   not  ha   placad     sor« than  74  lnehet 

a »eve tha   floor      and   5C   Inchaa  ahould  be  allowed   „ahind   th* operator. 

Hallar da«1,71   rui*$  apply to   foot   operated equipoent   ,whar«  tha foot 

•»»«ration    ahoald ba  é  inchaa  ,tha   foot  padal  ahould  ba   larga  enough 

ta  a>w»*ort   tha   foot comfortably, 

la  tha daai^Ti of  controla the   aiza   , ahape   location,direction of aotlon, 

aaih «f Bkotion,effect   of teaperature  , operator's  poeition  .elothlnj 

raetrieUona ara  aion     tha factor»   to ba  taken  into conalderation. 

all  mm ém»ìm   ©oai'bl i itlee   can often      not  ba  anticipated   .Ir»  auch 

aaaaa It   i • alvteab!»   to create a   aocallad   •sockup*      which ia   «iailar 

la  • andel    .it   iiicaaaad abo-re for   Induatrial  aachinary,   eicept  that   It 

la  amátete if   sard board or   «iailar «tap1» aaterlal.beceuae forcea do 

ill/ not enter bara. 
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