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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA Head- 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals 
on matters relating to the content of the document, write to the Secretary, Standards Council, National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with appli- 
cable laws and this document may not be construed as doing so. 

Policy Adopted by NFPA Board of  Directors on December  3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

Licens ing  Provis ion - -  Tbis docmnent is copyrighted by the National Fire Protection Association 
(NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify 
the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" 
means the citing of title and publishing information only. 

2. Adoption by Transcr ipt ion - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's lawmak- 
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this document by public authorities with lawmaking or rulemaking powers or any other persons desiring 
to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a royalty. This royalty is required to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of License  Grant - -  The terms and conditions set forth above do not extend to the index 
to this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

Statement  on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection Associa- 
tion, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accepts any liability resulting from com- 
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 

SC-AM-91 
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This edition of NFPA 79, Electrical Slamlm'd.fi~r Industrial Machinem, was prepared by 
the Technical Committee on Electrical Equipment of Industrial Machinery, and acted on 
bv the National Fire Protection Association, Inc. at its Annual Meeting held May 19-23, 
1{)91 in Boston, MA. It was issued by the Standards Council on July 19, 1991, with an 
ettective date of August 16, 1991, and supersedes all previous editions. 

The 1991 edition of this standard has been approved by the American National Stan- 
dards Iqstitute. 

Changes other than editorial are indicated by a vertical rule in the margin of the pages 
on which they appear. These lines are included as an aid to the user ill identit~,ing 
changes from the previous edition. 

Origin and Development of NFPA 79 

This standard was first submitted at the 1961 N FPA Annual Meeting under  the title 
Flectrical Standard Jot Machine Tools and was tentatively adopted subject to comments. It 
was extensively revised and resubmitted at the 1962 Annual Meeting where it was oifi- 
cially adopted. In 1965 a revised edition was adopted, reconfirmed in 19(-)9, and in 1970, 
1971, 1973, 1974, 1977, 1980, 1985, 1987, and 1991 revised editions were adopted. 

To better coordinate its work, this Comnfittee reports to the Association through the 
Correlating Committee of the National Electrical Code Committee. The primary reason 
is to correlate this standard and the Natiomd F.lechical Code, 'r~' especially with respect to 
Article t-)70 thereof 



79-2  INDUSTRIAl. MACHINERY 

Technical Committee on Electrical Equipment of Industrial Machinery 

Frank D. Beane,  Princeton University t'lasma 
Pbvsics Labs 

John F. Bloodgood, JFB Enterprises 
Dale R. Deming, American Electric Co. 
Kenneth R. Edwards,  IBEW 
Edward L. Eldridge. Thomas & Bcus Co. 
David S. Fisher, Allen Bradley Co. 

Rep. Nat'l Electrical Manufacturers Assoc. 
W i l l i a m  G. L a w r e n c e ,  Fac tory  Mutual  
Research Corp, 
Sidney W. Nelson, Nelcor, Inc. 
Carl E. Padgett, Cincinnati Milacron 

Rep. Nat'l Machine Tool Builders Assoc. 
Walter C. Painter, Rockwell lnt'l Corp. 

David Peot, The Singer Co. 
Rep. Power Tool Institute Inc. 

Marvin A. Salzenstein,  Polytechnic, Inc. 
Lynn F. Saunders, General Motors Corp. 
Mark N. Shapiro, City of Madison Heights, M I 

Rep. lnt'l Assoc. of F, lectrical Inspectors 
William E. Slater, RACO Inc. 
A s e J .  Stornetta, Ritter Manufacturing, Inc. 
Rep. Woodworking Machinery 
Raymond N. Ward, Underwriters Laborato- 
ries Inc. 
D. L. Winsted, Cincinnati Milacron 

Rep. Society of the Plastic Industry, Inc, 

Alternates 

John B. Deam, Nat'l Machine Tool Builders 
Assoc. 

(Alternate to C. E. Padgett) 
Robert Fagotti, IBEW 

(Ahernate to K, R. Edwards) 
Daniel L. Roherson, Delco Electronics Corp. 

(Alternate to L. F. Saunders) 

William F. Saffell, Black & Decker (US) Inc. 
(Ahernatc to D. Peot) 
Rep. Power Tool Institute. Inc. 

Marvin J. Winrieh. Underwriters Laboratories 
I nc. 

(Alternate to R. N. Ward) 

Richard H. Murray, NFPA Staff Liaison 

7"lu~ hq ~e[ne~enl~ the mrmbHshtp at lhe Itme the Cammtth,e u,a~ balloted o,  the text t,/ this ,,d~lto,. St,ce thut tnne, changes 
l ,  the membership ?nay have o~ mieN. 

NOTE.  Memher, ;h ip on a Comm]uce  .+hall not in and o f  ~tself con'qi lu le an c n d o r s e n | e n !  of" Ihe , '\sso(i;:l- 
non ~>t an} d<wument dt..velopcd by the ( :Omli l l t lee (111 ++ h+++ll the r n e m b e r  serve:,;. 

1991 Editron 



CON'I'ENTS 7 9 - 3  

C o n t e n t s  

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  7 

Chapter 

1-1 

1-2 

1-3 

1-4 

1 General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

P u r p o s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

S c o p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 
D e i i n i t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

O t h e r  S t a n d a r d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  

Chapter 
2-1 

2-2 

2-3 

2-4 

2-~ 

2-6  

2-7 

2-8 

2-9  

2 -10  

2 Diagrams,  Instruct ions ,  and Nameplates  . . . . . . . . . . . . . . . . . .  7 9 -  8 

G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

D i a g r a m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

I n s t r u c t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

M a r k i n g s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

W a r n i n g  M a r k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

M a c h i n e  M a r k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

M a c h i n e  N a m e p l a t e  Da t a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

E q u i p m e n t  M a r k i n g  a n d  I d e n t i f i c a t i o n  . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

F u n c t i o n  I d e n t i f i c a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

E q u i p m e n t  ( ; r o u n d i n g  T e r m i n a l  M a r k i n g  . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

Chapter 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3 General  Operat ing  Condi t ions  . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

Elec t r ica l  C o m p o n e n t s  a n d  Dev ices  . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

A m b i e n t  O p e r a t i n g  T e m p e r a t u r e  . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

A l t i t u d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

Re la t ive  H u m i d i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

T r a n s p o r t a t i o n  a n d  S t o r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

S u p p l y  V o l t a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 0  

I n s t a l l a t i o n  a n d  O p e r a t i n g  C o n d i t i o n s  . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 1  

Chapter 

4-1 

4-2 

4-3 

4 -4  

4-5  

4 S a f e g u a r d i n g  o f  P e r s o n n e l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-11  

G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-11 

S a f e g u a r d i n g  a g a i n s t  Elect r ic  S h o c k  i,a N o r m a l  Se rv i ce  . . . . . . . . . . .  7 9 - 1 1  

S a i e g u a r d i n g  a g a i n s t  Elec t r ic  S h o c k  by 
M a c h i n e  E x t r a  L ow V o l t a g e  ( M E L V )  . . . . . . . . . . . . . . . . . . . . . . .  79-11  

S a ( ; e g u a v d i n g  a g a i n s t  Elec t r ica l  S h o c k  f r o m  R e s i d u a l  V o l t a g e s  . . . . . .  79-11  

S a f e g u a r d i n g  a g a i n s t  O t h e r  H a z a r d s  . . . . . . . . . . . . . . . . . . . . . . .  79-11  

Chapter 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6  

5-7 

5-8 

5-9  

5 -10  

5-11 

5 Supply  Circuit  D i sconnec t ing  Means . . . . . . . . . . . . . . . . . . . .  79-11  

G e n e r a l  R e q u i r e n m n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 1  

T y p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 1  

R a t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-11  

P os i t i on  I n d i c a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 1  

S u p p l y  C o n d u c t o r s  to Be D i s c o n n e c t e d  . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 1  

C o n n e c t i o n s  to S u p p l y  I . ines  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

E x p o s e d  Live  P a r t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

M m m t i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

I n t e r l o c k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

O p e r a t i n g  t l a n d l e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

A t t a c h m e n t  P l u g  a n d  R e c e p t a c l e  . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 2  

1991 Edition 



7 9 - 4  INDUSTRIAl.  MA('H INERY 

Chapter 
6-1 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6-9 

6-10 

6-11 

6-12 

6-13 

6-14 

6-15 

6-16 

6-17 

Chapter 
7-1 

7-2 

7-3 

7-4 

7-5 

7-6 

7-7 

7-8 

7-9 

7-10 

7-11 

7-12 

7-13 

7-14 

7-15 

7-16 

7-17 

Chapter 
8-1 

8-2 

8-3 

8-4 

Chapter 
9-1 

9-2 

9-3 

9-4 

9-5 

9-6 

9-7 

9-8 

9-9 

9-10 

9-11 

6 Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 3  

M a c h i n e  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 3  

S u p p l y  C o n d u c t o r  a n d  M a c h i n e  O v e r c u r r e n t  P ro t ec t i on  . . . . . . . . . .  7 9 - 1 3  

Add i t i ona l  O v e r c u r r e n t  P ro t ec t i on  . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 3  

Loca t ion  o f  Pro tec t ive  Devices  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 3  

Motor- B r a n c h  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 3  

M o t o r  O v e r l o a d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 5  

M o t o r  O v e r l o a d ,  Special  Duty  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 5  

Res i s tance  H e a t i n g  B r a n c h  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 5  

C o n t r o l  Ci rcui t  C o n d u c t o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 5  

I . i gh t ing  B r a n c h  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 6  

P o w e r  T r a n s t o r m e r .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 6  

C o n t r o l  Ci rcui t  T r a n s f o r m e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 6  

C o m m o n  O v e r c u r r e n t  Device . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 6  

U n d e r v o h a g e  P ro tec t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

A d j u s t a b l e - S p e e d  Dr ive  S ys t em . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

M o t o r  O v e r s p e e d  P ro t ec t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

E q u i p m e n t  O v c r s p e e d  P ro tec t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  7 

7 Control Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

S o u r c e  o f  C o n t r o l  Power" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

C o n t r o l  Ci rcui t  Vo l t ages  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  7 

G r o u n d i n g  o f  C o n t r o l  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

C o n n e c t i o n  o f  C o n t r o l  Devices . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 7  

S top  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 8  

E m e r g e n c y  S top  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 8  

Zone  S top  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

N o r m a l  S top  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 

Star t  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  8 
Hold  to R u n  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

O p e r a t i n g  M o d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

Feed  I n t e r l o c k e d  with S p i n d l e  Dr ive  . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

M a c h i n e r y  D o o r  I n t e r l o c k i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

M o t o r  C o n t a c t o r s  a n d  S t a r t e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 -  9 

Relays a n d  S o l e n o i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

S e t u p  M o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

T w o - H a n d  C o n t r o l  Ci rcu i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

8 Control Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

C o n n e c t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

S u b p a n e l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 1 9  

M a n u a l  and E l e c t r o m e c h a n i c a l  M o t o r  C o n t r o l l e r s  . . . . . . . . . . . . . .  7 9 - 1 9  

M a r k i n g  on  M o t o r  C o n t r o l l e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

9 Control Enclosures and Compartments . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

T y p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

N o n m e t a l l i c  E n c l o s u r e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

C o m p a r t m e n t  Loca t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

Wall T h i c k n e s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

D i m e n s i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

D o o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

Gaske ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

In t e r locks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

I n t e r i o r  Finish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

W a r n i n g  Mark  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 0  

Pr int  Pocket  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -21  

1991 Edition 



CONTENTS 7 9 - 5  

Chapter 10 
10-1 

10-2 

10-3 

10-4 

10-5 

10-6 

10-7 

Location and Mounting of Control Equipment . . . . . . . . . . . . .  7 9 - 2  l 
G e n e r a l  R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

C o n t r o l  P a n e l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

S u b p a n e l s  a n d  E l e c t r o n i c  S u b a s s e m b l i e s  . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

C o n t r o l  E n c l o s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

C l e a r a n c e  in E n c l o s u r e s  a n d  C o m p a r t m e n t s  . . . . . . . . . . . . . . . . .  7 9 - 2 1  

M a c h i n e - M o u n t e d  C o n t r o l  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

R o t a r y  C o n t r o l  Dev ices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 1  

Chapter 1 
11-1 

11-2 
11-3 
11-4 
11-5 
11-6 
11-7 

11-8 

1 Operator's Control Stations and Equipment . . . . . . . . . . . . . . .  7 9 - 2 1  

P u s h b u t t o n s ,  S e l e c t o r  S wi t ches ,  I n d i c a t i n g  L i g h t s  . . . . . . . . . . . . . .  7 9 - 2 1  

E m e r g e n c y  S t op  C o n t r o l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 2  

F o o t - O p e r a t e d  S w i t c h e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 2  

C o n t r o l  S t a t i o n  E n c l o s u r e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 2  

A r r a n g e m e n t  o f  C o n t r o l  S t a t i o n  C o m p o n e n t s  . . . . . . . . . . . . . . . .  7 9 - 2 2  

L e g e n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 2  

L o c a t i o n  o f  C o n t r o l  S t a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 3  

P e n d a n t  S t a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 3  

Chapter 12 Accessories and Lighting . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 3  

12-1 A t t a c h m e n t  P l u g s  a n d  R e c e p t a c l e s  E x t e r n a l  to t h e  

C o n t r o l  E n c l o s u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 3  

12-2 R e c e p t a c l e s  I n t e r n a l  to t h e  C o n t r o l  E n c l o s u r e  . . . . . . . . . . . . . . . .  7 9 - 2 3  

12-3 C o n t r o l  P ane l ,  I n s t r u m e n t ,  a n d  M a c h i n e  W o r k  L i g h t s  . . . . . . . . . .  7 9 - 2 3  

Chapter 13 
13-1 

13-2 
13-3 

13-4 

13-5 

13-6 

Conductors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 4  

G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 4  

C o n d u c t o r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 4  

C o n d u c t o r  S i z ing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 5  

W i r e  I n s u l a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 5  

C o n d u c t o r  A m p a c i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 5  

W i r e  M a r k i n g s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 6  

Chapter 14 Wiring Methods and Practices . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 6  

14-1 G e n e r a l  R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 6  

14-2 P a n e l  W i r i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 7  

14-3 M a c h i n e  W i r i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 7  

14-4 W i r e  C o n n e c t o r s  a n d  C o n n e c t i o n s  . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 7  

Chapter 15 
15-1 

15-2 

15-3 
15-4 

15-5 

15-6 

15-7 

15-8 

15-9 

15-10  

15-11 

15-12 

15-13 

Raceways, Junction Boxes, and Pull Boxes . . . . . . . . . . . . . . .  7 9 - 2 8  

G e n e r a l  R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

P e r c e n t  Fill o f  R a c e w a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

Rig id  M e t a l  C o n d u i t  a n d  F i t t i ngs  . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

I n t e r m e d i a t e  Meta l  C o n d u i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

Elec t r ica l  Meta l l i c  T u b i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

S c h e d u l e  80  Rig id  N o n m e t a l l i c  C o n d u i t  . . . . . . . . . . . . . . . . . . . .  7 9 - 2 8  

L i q u i d t i g h t  F lex ib le  Me[a l  C o n d u i t  a n d  F i t t i ngs  . . . . . . . . . . . . . . .  7 9 - 2 9  

L i q u i d t i g h t  F lex ib le  N o n m e t a l l i c  C o n d u i t  a n d  F i t t i ngs  . . . . . . . . . .  7 9 - 2 9  

F lex ib le  Meta l  ( N o n l i q u i d t i g h t )  C o n d u i t  a n d  F i t t i qgs  . . . . . . . . . . .  7 9 - 2 9  

W i r e w a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 9  

M a c h i n e  C o m p a r t m e n t s  a n d  R a c e w a y s  . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 9  

J u n c t i o n  a n d  Pul l  B o x e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 9  

M o t o r  T e r m i n a l  B o x e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9 - 2 9  

1991 Edition 



79-6  INDUSTRIAL MACHINERY 

C h a p t e r  
16-1 
16-2 
16-3 
16-4 
16-5 

16 Motors  a n d  Moto r  C o m p a r t m e n t s  . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Moun t ing  A r r a n g e m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Direct ion Arrow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Motor  C o m p a r t m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Marking  on Motors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  

C h a p t e r  
17-1 
17-2 
17-3 
17-4 
17-5 
17-6 
17-7 
17-8 

17 G r o u n d e d  Ci rcu i t s  a n d  E q u i p m e n t  G r o u n d i n g  . . . . . . . . . . . . .  79 -30  
Genera l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
G r o u n d i n g  Conduc to r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
E q u i p m e n t  G r o u n d i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Exclusion of  Switching Devices . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
G r o u n d i n g  Te rmina l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Cont inu i ty  of  the G r o u n d i n g  Circuit  . . . . . . . . . . . . . . . . . . . . . . .  79 -30  
Cont ro l  Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-3  l 
L ight ing  Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 

C h a p t e r  

18-I 
18-2 

18-3 

18 E l ec t ron i c  E q u i p m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 
Genera l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 
Basic R e q u i r e m e n t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 
P r o g r a m m a b l e  Electronic  Systems . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 

C h a p t e r  19 R e f e r e n c e d  P u b l i c a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-31 

Append ix  A Glossary of  Terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-32  

A p p e n d i x  B E x a m p l e s  o f  I n d u s t r i a l  M a c h i n e r y  Cove red  by N F P A  79 . . . . .  79-35  

A p p e n d i x  C G r a p h i c a l  Symbols  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-35  

Append ix  D Sample Electrical Diagrams . . . . . . . . . . . . . . . . . . . . . . . . .  79-36  

A p p e n d i x  E Device  a n d  C o m p o n e n t  Des igna t i ons  . . . . . . . . . . . . . . . . . . .  79 -44  

Appendix  F Referenced Publications . . . . . . . . . . . . . . . . . . . . . . . . . . .  79-45  

I n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 -46  

1991 Edition 



p~t~:va(:~: 79-7 

N F P A  79 

Electrical  Standard for 

Industrial Machinery 

1991 Edit ion 

Information on referenced publications can be tbund in 
Chapter 18 and Appendix F. 

Preface 

In Sep tember  1941, the meta lworking machine tool 
industry wrote its first electrical s tandard to make machine 
tools sailer to operate,  more productive, less costly to main- 
tain, and to improve the quality and performance of their 
electrical components.  That  part icular s tandard served as 
an American "War Standard."  

To study the special electrical problems involved with 
mach ine  tools, in 1941 the Electr ical  Section of  the 
National Fire Protection Association sanctioned a Special 
Subcommit tee  on Wiring,  Overcur ren t  Protection, and 
Control of Motor-Operated Machine Tools. This Subcom- 
mittee, cooperat ing with machine tool builders, manufac- 
turers of control equipment,  and Underwriters Laborato- 
ries lnc., conducted tests and investigated the peculiar  
conditions involved with machine tools that might warrant 
excep t ion  to cer ta in  specific National Electrical Code ® 
requirements.  This investigation resulted, on August 4, 
1942, in a T e n t a t i v e  I n t e r i m  A m e n d m e n t  and  first 
appeared  in a 1943 supplement  to the 1940 edition of the 
Natmnal Electrical Code as Article 670, "Machine Tools." It 
remained essentially unchanged through the 1959 edition. 

Meanwhile, manufiacturers of other types of industrial 
equipment  er roneously  began to tollow the specialized 
practices permit ted by Article 670. Late in 1952, a Techni- 
cal Subcommittee on Fundamentals  of Electrically Oper-  
ated Production Machinery and Material Handl ing and 
Processing Equipment fbr Fixed Locations was organized 
to at tempt to group the special requirements of this broad 
field into one article. The  extremely broad scope intro- 
duced so many problems that, in 13ecember 1956, this 
Technical Subcommittee was reorganized into an NFPA 
Committee whose scope was limited to IVlachine Tools and 
whose objective was the preparat ion of this NFPA standard 
with corresponding revisions in Article 670 in the Nalio~ml 
Electrical Code. 

Modern machine tool electrical equipment  may vary 
from that of single-motor machines, such as drill presses, 
that per tbrm simple, repetitive operations,  and that nfvery  
large,  mu l t imo to red  au tomat ic  machines  that  involve 
highly complex electrical control systems, including elec- 

tronic and solid-state devices and equipment .  Generally 
these machines are especially designed, factory-wired, and 
tested by the builder  and then erected in the plant in which 
they will be used. Because of their importance to plant 
production and their usually high cost, they are customar- 
ily provided with many sal?eguards and other  devices not 
often incorporated in the usual motor  and control applica- 
tion as contemplated by the National Electrical Code. 

Although these machines may be completely automatic, 
they are constantly at tended,  when operating,  by highly 
skilled operators.  The machine usually incorporates many 
special devices to protect the operator ,  protect the machine 
and building against fires of electrical origin, protect the 
machine and work in process against damage due to elec- 
trical failures, and protect against loss of production due to 
failure of a machine component .  To provide these salVe- 
guards,  it may be preferable  to deliberately sacrifice a 
motor  or some other  component ,  rather than to chance 
injury to the operator ,  the work, or the machine. It is 
because of such considerations that this s tandard varies 
from the basic concepts of motor  protection as contained in 
the Natio.~ml Electrical Code. 

As NFPA 79 evolved, it became apparent  that certain 
classes of  l ight  indus t r ia l  mach inery  (i.e., small dri l l  
presses, bench grinders,  sanders, etc.) were not appropr i -  
ately covered. The 1977 edition of the standard recognized 
this problem and purposely excluded tools powered by two 
horsepower or less. 

Subsequent to publication of the 1977 standard,  a light 
industrial machinery s tandard development  activity was 
initiated by the Power Tool Institute. The 1985 edition of 
NFPA 79 reflects this activity, and appropr ia te  require- 
ments are now included in the standard.  

In 1975, the Society of the Plastics Industry requested 
that this s tandard be enlarged in scope to include plastics 
machinery. A formal request was received by NFPA in Sep- 
tember,  1978 and, through the combined efforts of the 
NFPA 79 committee and representatives of the Society of 
the Plastics Industry,  the scope was broadened to include 
such machinery in the 1980 edition. 

In June 1981, the Joint Industrial  Council (,]IC) Board 
of Directors acknowledged the dated state of the electrical 
and electronic s tandards  and requested that NFPA 79 
incorporate into its s tandard the material and topics cov- 
ered by the J IC electrical (EMP-1-67, EGP-1-67) and elec- 
tronic (EL-I-71) standards with the intention that the JIC 
standards eventually would be declared superseded.  The  
NFPA Standards Council approved the request with the 
stipulation that the material and topics incorporated l iom 
the j l C  standards be limited to areas related to electrical 
shock and fire hazards. The 1985 edition reflected the 
incorporat ion of the appropr ia te  material froln the J IC 
electrical (EMP-1-67, EGP-1-67) standards not previously 
covered. The 1991 edition includes addit ional references 
to international standards.  
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79-8 INDUSTRIAL MACHINERY 

Chapter 1 General 

1-1 Purpose. 

(a) The purpose  of  this electrical s tandard is to provide 
de ta i led  in format ion  for the app l ica t ion  of  electrical/  
electronic equipment,  apparatus,  or  systems supplied as 
part  of  industrial machinery that will promote  safety to life 
and property.  

(b) This s tandard is not in tended to limit or inhibit the 
advancement  of  the state of  the art. Each type of machine 
has unique requirements  that shall be accommodated to 
provide adequate  safiety. 

1-2 Scope. 

(a) The  provisions of this s tandard shall apply to the 
electrical~electronic equipment ,  apparatus,  or systems of 
industrial machinery operat ing flom a nominal voltage of  
600 volts or less, and commencing at the place of connec- 
tion of  the supply  to the electrical  equ ipmen t  of  the 
machines. 

NOTE 1: In this standard, the term "electrical" includes 
both electrical and eleen-onic equipment. Requirements that 
apply only to electronic eqtfipment shall be so identified. 

NOTE 2: The general terms "machine" and "machinery" 
as used throughout this standard mean industrial machin- 
el'v. 

(b) This s tandard shall not be considered adequate for 
machines intended tot use in areas d e f n e d  as hazardous 
(classified) locations by NFPA 70, National Electrical Code, 
1990 edition. 

(c) This s tandard is not intended to apply to: 

1. Fixed or portable tools jt, dged under  the require- 
ments of  a testing laboratory acceptable to the authority 
having jurisdiction. 

2. Machines used in dwelling units. 

(d) The  ins ta l l a t ion  of  a mach ine  and  the wi r ing  
between component  machines of "manufactur ing systems/ 
cells" shall be in accordance with NFPA 70, Natio~tal Electri- 
cal Code, 1990 edition. 

1-3 Definitions. For the purposes of this s tandard,  the 
following definitions shall apply: 

(a) A machine tool is defined as a power-driven machine 
not portable by hand, used to shape or form metal or plas- 
tic by cutting, impact, pressure, electrical tectmiques, or a 
combination of these processes. 

NOTE: See Appendix B for examples of industrial 
machinery. 

(b) Plastics machinery  is def ined as a power-dr iven  
machine not portable by hand, used to shape or fbrm plas- 
tic by application of thermal energy, mechanical energy, or 
both, by cutting, impact, pressure, or a combination of 
these processes. 

NOTE: See Appendix B for such types of plastics machinery. 

(c) For the purposes  of this s tandard ,  definitions of 
some other terms are given in Appendix A. 

1-4 Other Standards. On any point for which specific 
provisions are not made in this s tandard,  the provisions of 
NFPA 70, National Electrical Code, 1990 edition, shall be 
observed. Other  organizations having standards that may 
provide additional information are listed in Appendix  F. 

NOTE: NFPA 70E, StandaM for Electrwal Safely Requn'ement.~ 
for Employee Workplaces, contains additional intormation. 

Chapter 2 Diagrams, Instructions, 
and Nameplates 

2-1 General. 
(a) The tollowing shall be included with the electrical 

drawings where required in Section 2-2. 

1. Complete schematic diagram 

2. Sequence of operations 

3. Block diagram (where appropria te)  

4. Equipment  layout 

5. Panel layouts 

6. Interconnection diagram 

7. Electronic schematics (where appropr ia te)  

8. Parts list 

9. Instruction and service manuals 

10. I n f o r m a t i o n  for Safety Lockout  P r o c e d u r e  
(where appropriate) .  

(b) The  following shall be furnished for reference only 
where appropria te .  

1. Lubrication diagram 

2. Pneumatic diagram 

.3. Hydraulic diagram 

4. Miscel laneous system d i ag rams  (i.e., coolant ,  
refrigerant,  etc.). 

(c) Where appropr ia te ,  a table of contents shall appear  
prominent ly on the first sheet and shall refier to all major 
sections of the electrical drawings. 

2-2 Diagrams. 
(a) Diagrams of the elecuical system shall be provided.  

Any electrical symbols shall be in accordance with ANSI 
Y39.2. Any electrical symbols not shown in ANSI Y32.2 
standards shall be separately shown and described on the 
diagrams. The symbols and identification of components  
and devices shall be consistent throughout  all documents 
and on the machine. 

Pertinent infbrmation such as motor  horsepower,  f iame 
size, and speed shall be listed adjacent to its symbol. 

NOTE: See Appendix D lot examples of electrical dia- 
grams. 

(b) A cross-reterencing sdmme shall be used in conjunc- 
tion with each relay, output device, limit switch, pressure 
switch, etc., so that any contact associated with the device 
can be readily located on the diagrams. 
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(c) The functional description for each device shall be 
shown. See Appendix E for examples of devices and com- 
ponent  designations. 

(d) Switch symbols shall be shown on the electrical sche- 
matic diagrams with all utilities turned off (electric power, 
air, water, lubricant, etc.), the machine and its electrical 
equipment  in its normal starting condition, and at 20°C 
(68°F) ambient.  Control  settings shall be shown on the 
drawings. 

(e) Directly connected conductors shall be uniquely des- 
ignated with the same alphanumeric  reference. Conduc- 
tors shall be identified in sequential o rde r  and in accor- 
dance with Chapter  14. 

Exception No. 1: Conductors of 18 AWG or less used in elec- 
tronic assemblies need not be identified by an alphanumeric desig- 
nation. 

Exception No. 2: Where a plug is attached to a multiconductor 
cable, color coding shall be permitted to be .substituted for the 
alphanumeric designation only at the plug end. Where color-coded 
multiconductor cable is used to wire identical components (e.g., 
limit swttches), the color shall be consistent throughout. Where 
color coding is used, it shall be clear& indicated on the electrical 
diagrams. 

(t) Circuits shall be shown in such a way as to {~acilitate 
the unders tanding of their function as well as their mainte- 
nance and fault location, Control circuit devices shall be 
shown between vertical lines that represent  control power 
wiring. The left vertical line shall be the control circuits 
common and the right line shall be the operat ing coils 
common, except where permit ted  by Chapter  7 design 
requirements.  Control devices shall be shown on horizon- 
tal lines (rungs) between the vertical lines. Parallel circuits 
shall be shown on separate horizontal lines directly adja- 
cent to (above or below) the original circuit. 

(g) An interconnection diagram shall be provided on 
large systems having a number  of separate enclosures or 
control stations. It shall provide full information about the 
external connections of all of the electrical equipment  on 
the machine. 

(h) In ter lock wiring d iagrams shall include devices, 
functions, and conductors in the circuit where used. 

(i) Plug/receptacle pin identification shall be shown on 
the diagram(s). 

2-3 Instructions. 

(a) Information reterr ing to the installation, sequence of 
operations,  explanat ion of unique terms, list of recom- 
mended spare parts, maintenance instructions, and adjust- 
ment procedures  of the machine electrical equipment  shall 
be furnished. 

(b) The  installation drawing(s) shall provide information 
necessary for prel iminary machine and control setup. This 
includes intbrmation on supply cables, particularly if the)' 
are to be supplied by the end user; the size and purpose  of 
any cable duct, raceway, or wireway that must be supplied 
by the end user; and the amount  of  space required to 
mount and maintain the machine and its electrical equip- 
ment. 

I (c) The  descr ipt ion of the sequence of operat ions  is 
required for electrical equipment  comprising several inter- 

related functions. Where the machine can perform several 
sequences, the description of  operat ion shall explain each 
of them and their interrelationship.  Information shall be 
given that is necessary for the unders tanding  of  the electri- 
cal operat ion in conjunction with the mechanical, hydrau-  
lic, or pneumatic operat ion of the machine. Where the 
sequence of operations is p rogram controlled, the informa- 
tion on programming  the system for operat ion,  mainte- 
nance, and repair  shall be provided.  A block diagram shall 
be permit ted to be used to facilitate the unders tanding of 
the sequence of operations.  The  block diagram shows the 
electrical equipment  together  with its functional interrela- 
tionships by the use of symbols or blocks without necessar- 
ily showing all interconnections. Reterences to the appro-  
priate electrical diagram(s) shall be included on the block 
diagram. 

(d) The  parts list shall itemize recommended  electrical 
spare parts together with the necessary data for order ing  
replacements. 

(e) Maintenance and service instructions shall include: 

1. Intbrmation necessary for calibrating and adjust- 
ing components,  devices, and subassemblies. 

2. Operat ion instructions, including all information 
necessary to describe initial conditions and operations of 
the complete system. 

3. Troubleshoot ing information and suggestions for 
locating and replacing faulty components,  suggested pre- 
ventative maintenance schedules, and related data. 

2-4 Markings.  Nameplates, markings, and identification 
plates shall be of sufficient durability to withstand the envi- 
romnent  involved. 

2-5 Warning Marking. 

(a) A warning marking shall be provided adjacent to the 
disconnect opera t ing  handle(s) where the disconnect(s) 
that is interlocked with the enclosure door  does not deen- 
ergize all exposed live parts when the disconnect(s) is in 
the "open (off)" position. 

(b) When an at tachment plug is used as the disconnect- 
ing means, a warning marking shall be attached to the 
control enclosure door  or cover mdicating that power shall 
be disconnected fiom the equipment  betbre the enclosure 
is opened.  

(c) Where the disconnecting means is remote from the 
control enclosure, a warning marking shall be attached to 
the enclosure door  or covet indicating that the power shall 
be disconnected from the equipment  betbre the enclosure 
is opened and that the enclosure is to be closed before the 
power is restored. 

2-6 Machine Marking. The machine shall be marked  
With the builder 's  name, t rademark,  or other identification 
symbol. 

2-7 Machine Nameplate Data. 

(a) A permanent  nameplate listing the machine serial 
number,  supply voltage, phase, frequency, full-load cur- 
rent, ampere  rating of the largest motor or load, short- 
circuit in terrupt ing capacity of the machine overcurrent  
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protective device where turnished as part of the equip- 
ment, and the electrical diagram number(s) or the number  
of the index to the electrical diagrams (bill of material) 
shall he attached to the control equipment  enclosure or 
machine where plainly visible after installation. Where 
more than one incoming supply circuit is to be provided, 
the nameplate shall state the above information fi)r each 
circuit. 

Exception: Where on.Iv a single motor or motor controller is used, 
the motor nameplate sJtall be permitted to serve as the electrical 
equtpmet~t nameplate where it is plainly visible. 

(b) The lull-load current  shown on the nameplate shall 
not be less than the thll-load currents for all motors and 
other equipment  that can be in operation at the same time 
under  normal conditions of use. Where unusual  loads, 
duty cycles, etc., r equ i re  oversized conduc to rs ,  the 
required capacity shall be included in the fifll-load current  
specified on the nameplate. 

(c) Where overcurrent protection is provided in a c c o f  
dance with Section 6-2, the machine shall be marked 
"overcurrent protection provided at machine supply termi- 
nals." A separate nameplate shall be permitted to be used 
tot this purpose. 

2-8 Equipment Marking and Identification. 

(a) Where equipment  is removed ti'om its original enclo- 
sure or is so placed that the manuihcturer 's identification 
plate is not easily read, an additional identification plate 
shall be attached to the machine or enclosure. 

(b) Where a motor nameplate or connection diagram 
plate is not visible, additional identification shall be pro- 
vided where it can be easily read. 

(c) Nameplates, identification plates, or warning mark- 
ings shall not be removed from the equipment. 

(d) All control panel devices and components shall be 
plainly identified with the same designation as shown on 
the diagram(s). This identification shall be adjacent to (not 
on) the device or component.  

Exceptimt No. l: Where the size or locatiott of the devtees makes 
individual ide~tt{fication impractical, group idet~t!ficatiott shall be 
used. 

Exception No. 2. This seetio~ ~*eed ,ot apply Io machines on 
which the equipme~Pt co,sists mdy of a single motor, motor control- 
ler, puskbutton statio~t(s), and worklight(s). 

(e) All devices external to the control panel(s) shall be 
identified by a nameplate with the same designation as 
shown on the diagram(s) and mounted adjacent to (not on) 
the device. 

Exceptton: Devices covered b~' Seelion 2-9. 

(t) Terminations on multiconductor plugs and recepta- 
cles shall be plainly marked. The markings on the plug/ 
receptacles and on drawings shall correspond. 

(g) Where group protection as provided for in Section 
6-5(d) is used, intormation specit}'ing the short circuit pro- 
tective device fi)r each group protected motor hranch cir- 
cuit shall be included with the equipment. 

2-9 Function Identification. Each control station device 
(pushbutton, indicating light, selector switch, etc.) shall be 
identified as to its tunction on or adjacent to the device. 

NOTE: Consideration shall be given to the use of IEC 
symbols for pushbuttons (,see Appendix C for examples). 

2-10 Equipment Grounding Terminal Marking. The 
equipment  grounding terminal shall be identified with the 
word "GROUND," the letters "GND" or "GRD," the letter 
"'G," or by coloring the terminal GREEN. 

NOTE: Some other standards recognize symbols C-2 (IEC 
417-5019) and (;-3 (IEC 417-5017). 

Chapter 3 General Operating Conditions 

3-1 General. This chapter describes the general require- 
ments and conditions for the operation of the electrical 
equipment  of the machine. 

3-2 Electrical Components and Devices. Electrical com- 
ponents and devices shall be used or installed assuming the 
operat ing conditions of ambient  temperature,  altitude, 
humidity, and supply voltage outlined in this chapter, and 
within their  design ratings,  taking into account  any 
de-rating stipulated by the component  or device manufac- 
turer. 

3-3 Ambient Operating Temperature. The electrical 
equipment  shall be capable of operating in an ambient 
temperature range of 5 to 40°C (41 to 104°F) under  no 
load to full load conditions. 

3-4 Altitude. "I'he electrical eqmpment  shall be suitable 
fi)r operating correctly at altitudes up to 3300 ft (1000 m) 
above sea level. 

3-5 Relative Humidity.  The electrical eqt, ipment shall be 
capable of operating within a relative humidity range of 
20-95 percent (nnncondensing). 

3-6 Transportation and Storage. The electrical equip- 
ment shall be designed to withstand storage and transpor- 
tation temperatures within the range of - 2 5  to 55°C ( -  13 
to + 131°F) and up to 65°C (149°F) for short periods not 
exceeding 24 hr. Suitable means shall be provided to pre- 
vent damage tiom excessive moisture, vibration, stress, and 
mechanical shock during shipment. 

3-7 Supply Voltage. The electrical equipment  shall oper- 
ate satisfactorily at full-load as well as no-h)ad under  the 
tollnwing conditions: 

(a) Voltage 90-110 percent of rated volt- 
age. 

(b) Frequency + 2 percent of rated fie- 
quency. 

(c) Harmonic Distortion Up to 10 percent of total 
RMS sum of the 2nd 
through 5th harmonics. Up 
to an additional 2 percent 
RMS sum of'the 6th 
through 30th harmonics. 
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(d) Radio Frequency 
Voltages 

(e) Impulse Voltage 

(t) Voltage Drop 

(g) Micro-interruption 

2 percent  RMS above 
10KHZ. 

200 percent  peak voltage up 
to 1 ms durat ion with a rise 
time of 500 ns to 500 Its. 

Reduction of 50 percent  of 
peak voltage for 1/2 cycle or 
20 percent  for 1 cycle. More 
than 1 sec between succes- 
sive reductions. 

Supply disconnected or at 
zero voltage for 3 ms at any 
random time in the cycle. 
More than 1 sec between 
successive reductions. 

3-8 Installation and Operating Conditions. The electri- 
cal equipment  shall be installed and opera ted  in accor- 
dance with the manufacturer 's  instructions. Any conditions 
that are outs ide the ope ra t ing  condi t ions  specified in 
Chapter  3 shall be permit ted where acceptable to both the 
manufacturer  and user. 

4-4 Safeguarding against Electrical Shock from Residual 
Voltages. Where the equipment  includes elements that 
may retain residual voltages after being switched oft; the 
voltage shall be reduced  to below 50 volts within one 
minute after being disconnected. 

4-5 Safeguarding against Other Hazards. 

(a) W h e r e  ha z a rd s  a re  iden t i f i ed  for the  specific 
machine on which the electrical equipment  is present,  pro- 
visions tor the connection of the appropr ia te  safeguards 
(e.g., guards and protective devices) shall be made. These 
safeguards shall function in accordance with the require- 
ments of the specific industrial machine. 

(b) Where the industrial machine is used in conjunction 
with other machines or equipment  (e.g., in a manufactur- 
ing system/cell), provisions shall be made, where appropr i -  
ate, to connect external  emergency stop devices to the 
emergency stop circuit (.see Section 7-6). Where appropria te ,  
provisions shall also be made to indicate the status of the 
emergency stop circuit to other machines and associated 
equipinent.  

Chapter 4 Safeguarding of  Personnel  

4-1 General ,  The electrical equipment  shall provide safe- 
guarding  of persons against electrical shock both in normal 
service and in case of fault. 

4-2 Safeguarding against Electric Shock in Normal Service. 

(a) Live parts shall either be located inside enclosures as 
described in Chapters 9 and 10 or be completely covered 
by insulation that can only be removed by destruction (e.g., 
interconnecting cables). 

(b) Enclosure interlocking as described m Sections 5-9 
and 9-8 shall be provided.  

(c) Grounding  and bonding of the electrical equipment  
and machine members shall comply with Chapter  17 of 
this standard.  

4-3 Safeguarding against Electrical Shock by Machine 
Extra Low Voltage (MELV). Circuits of which not all live 
parts are protected against direct contact in normal service 
shall fulfill all of the tollowing conditions: 

(a) The highest voltage (with respect to ground) shall 
not exceed 30VAC (RMS) or 30VDC (with less than 10 
percent  ripple). 

(b) The source of supply and all live parts and conduc- 
tors of such circuits shall be separated or isolated fi'om cir- 
cuits with higher voltages by insulation rated fi~r the max- 
imum voltage used in the same par t  of the electrical 
equipment.  

(c) One side of the circuit or one point of the source of 
supply of that circuit shall be connected to the grounding  
circuit associated with the higher  voltages used on the 
machine and its related exposed conductive parts. 

(d) Plugs and receptacles used in MEI,V circuits shall be 
chosen to preclude accidental connection to circuits having 
higher voltages. 

Chapter 5 Supply  Circuit Disconnect ing  Means 

5-1 General Requirements. A disconnecting means shall 
be provided tot each incoming supply circuit. 

5-2 Type. 

(a) The disconnecting means shall be manually operable 
and shall be a fhsible or nonfusible motor circuit switch or 
a circuit breaker  in accordance with Sections 5-3 through 
5-10. 

(b) An auachment  plug shall be permit ted in accordance 
with Section 5-11. 

5-3 Rating. 

(a) The  ampacity of the disconnecting means shall be 
not less than 115 percent  of the sum of the full-load cur- 
rents required tot all equipment  that may be in operat ion 
at the same time under  normal conditions of use. 

(b) The  i n t e r r u p t i n g  capaci ty  of  the d i sconnec t ing  
means shall be not less than the sum of the locked-rotor 
current  of the largest motor  plus the fifll-load current  of all 
other  connected operat ing equipment.  

(c) Fusible motor-circui t  switches or  circuit breakers  
shall be applied in accordance with Chapter  6 of this stan- 
dard.  

5-4 Position Indication. The disconnecting means shall 
plainly indicate whether it is in the open (ott) or closed 
position. 

5-5 Supply Conductors to Be Disconnected. Each dis- 
connecting means shall disconnect all ungrounded  conduc- 
tors of a single supply circuit simultaneously. Where there 
is more than one source, additional individual disconnect- 
ing means shall be provided for each supply circuit, so that 
all supply to the machine may be interrupted.  
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5-6 Connections to Supply Lines. Incoming supply line 
conductors  shall terminate at the disconnecting means with 
no connection to terminal blocks or o ther  devices ahead of  
the disconnecting means. 

5-7 Exposed Live Parts. There  shall be no exposed live 
parts with the disconnecting means in the open (off) position. 

NOTE: See Exception to Section 7-1. 

5-8 Mounting. 

(a) The  disconnecting means shall be mounted within 
the control enclosure or adjacent thereto. Where mounted  
within the control enclosure, the disconnecting means shall 
be mounted  at the top of the control panel with no other 
equipment  mounted directly above it. Wire bending space 
shall be provided as required by NFPA 70, National Electri- 
cal Code, Section 430-10(b). Space shall be de termined by 
maximum wire size of  incoming lines or  by maximum 
capacity of line lugs on the disconnecting means. 

Exception No. 1: In plastics extrusion machine U (extruders, film 
casting machines, fihn and sheet winding equipment, wire coating 
machine U, a*td sheet line and pull roll equipment ONLY--see 
B-2) where the design configuration of the enclosure may preclude 
mounting the disco~mect as the uppermost component: 

a. Live parts shall be guarded against accidental contact. 

b. Barriers shall be placed in all enclosures to isolate the sup- 
ply circuit conductors and terminals f~vm other internal conduc- 
tors and components. 

Exception No. 2: Machines with a motor(s) totalling two horse- 
power or less shall be permitted to be connected to a remotely 
mounted disconnecting means through a flexible cord, cable, or 
conduit provided the disconnecting means is within sight of, 
readi& accessible to, and t~o more than twenty feet (6 m)from the 
machine operator. 

(b) Where two or more disconnecting means are pro- 
vided within the control enclosure tor nmltiple supply cir- 
cuits, they shall be grouped  in one location. 

5-9 Interlocking. 

(a) Each disconnecting means shall be mechanically or 
electrically interlocked, or both, with the control enclosm-e 
doors. Interlocking shall be reactivated automatically when 
panel doors are closed. 

Exception No. 1: A disconnecting means used only.fi)r nminte- 
nance lighting circuits within control enclosures shall not be 
required to be inteEocked wtth the control enclosure. The marking 
reqaireme~tts of Section 2-4(a) shall apply. 

Exception No. 2: Where an attachment plug is used as the dis- 
cotmectmg means in accoMance with Section 5-11. 

Exception No. 3: A disconnecting means used for power supply 
circuits within cont~vl enclosures to memo U elements and their 
support logic requiring power at all times to maintain the storage 
of reformation shall not be required to be interlocked with the con- 
trol enclosure doors. The marking requirements off Section 2-4(a) 
shall apply. 

Exception No. 4: Where a remotely mounted disconnecting 
means is permitted as per Section 5-8, Exception No. 2, interlock- 
ing shall not be required provided that a tool is required to open 
the enclosure door and a label is attached to the control enclosure 
warning of dangerous voltage inside and advising disconnection 
of the power before opening. 

Interlocking shall be provided between the disconnect- 
ing means and its associated door  to accomplish both of the 
fbllowing: 

1. To prevent  closing of the disconnecting means 
while the enclosure door  is open, unless an interlock is 
opera ted  by deliberate action. 

2. To prevent  closing of the disconnecting means 
while the door  is in the initial latch position or until the 
door  hardware is fully engaged. 

All doors on mult ip le-door  enclosures shall be inter- 
locked simultaneously with the door  that is interlocked 
with the main disconnecting means. 

(b) Where there are two or more sources of power to 
the equipment  or where there are two or more indepen- 
dent  disconnecting means, power wiring from each discon- 
necting means shall be run in separate conduit  and shall 
not terminate in or pass through common junction boxes. 

5-10 Operating Handle. 

(a) The  operat ing handle of the disconnecting means 
shall be readily accessible. 

(b) The center of  the grip of the operat ing handle of the 
disconnecting means, when in its highest position, shall be 
not more than 61/, ft (2 m) above the floor. A permanent  
operat ing plattorm, readily accessible by means of a per- 
manent  stair or ladder,  shall be considered as the floor for 
the purpose  of this requirement.  

(c) The  ope ra t ing  handle  shall be capable of  being 
locked only in the open (off) position. 

(d) When the control enclosure door  is closed, the oper-  
ating handle shall positively indicate whether the discon- 
necting means is in the open (off) or closed position. 

5-11 Attachment Plug and Receptacle. An at tachment  
plug and receptacle shall be permit ted as a disconnecting 
means providing all of the fbllowing conditions are com- 
plied with: 

(a) The motor(s) on the machine shall total two horse- 
power or less. 

(b) The  supply voltage shall not exceed 150 volts to 
ground,  

(c) DC shall not be used. 

(d) The  ampacity of the at tachment plug shall be not 
less than 115 percent o |  the sum of the full-load currents 
required for all equipment  that may be in operat ion at the 
same time under  normal conditions of use. 

(e) The attachment plug shall be single voltage rated. 

(t) The  a t t achmen t  p lug  shall be p r o v i d e d  with a 
grounding  pole and so constructed that the grounding  
pole is made befbre any current-carrying poles are made 
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Line Reference 

A Supply 
NFPA 70, Article 670 

Disconnecting Means 
B Chapter S 

Overcu rrent 
Protection 

C (When Supplied) 
Section 6-2 

Additional Over- 
O current Protection 

(As Required) 
Section 6-3 

Control Circuits 
E Conductors-See 6-9 

Transformer-See 6-12 
Undervoltage-Sec 6-14 

Load Controllers and 
F Power Transformers 

Sec 6-11, Sec 8-3 

G Motor Overload 
Section 6~3 

Motors and Resistive 
Loads Chapter 16 

H Special Motor Overload 
Section 6-7 

All Conductors- Ch 13 

TYPICAL D I A G R A M S - C O N S U L T  TEXT 
Sing. L:oad 

11 11 

E-I E3 

! ii 
FIG I FIG II 

Multi-Load 

. . . .  . . . . . . . . . .  ; . . . .  

FIG III FIG IV 

Diagram 6-1 Protection of  Machine Electrical Circuits. 

and is not b roken  until :ill CtUTcnt-t+arrying poles (>t the 
a t tachment  I}[Ug h:lvc I)ecn {lisc{}nncctcd. A gr(}unding 
pole shall not tie used as ;t c turent -c ; t r ry ing  p a r t .  

(g) T h c  at tachnlent  I)lug shall bc in sight of  the {}pcra- 
t(}r's statit}n and readily ;tccessihle. 

(h) The  m:nking rettuirements (}f Secti(}n 2-5(b) shall apply. 

Chapter  6 P r o t e c t i o n  

6-1 Mach ine  Circui ts .  l ) iagraln 6-1 shows typical circtfits 
acceplable ti}r pr{}lecti{}n o1 lnachine m{}t{}rs, rcsintivc heating 
h}acls, and contr{}ls. Prole{tive intcrhwk,,, arc m}l shown. 

6-2 Supply Conductor and Machine Overcurrent Protec- 
tion. l ' h e  {)vercurrent pr{}tecti{m as shown in line C (}t" 
Diagram 6-1. Figures 1 t im}ugh 1V inclusive, may or  may 
not bc furnished as part of  the machine.  Where  turnishe{'l 
as part (It" tile machine,  it shall {{resist o t  ;I single circuit 
b reaker  or  set of  tuses, and the machine  shall bear  tile 
mark ing  re{luircd in Section 2-7({% 

6-3 A d d i t i o n a l  O v e r c u r r e n t  P r o t e c t i o n .  W h e r e  
requi red ,  the additi~,nal <)vercurrent prolec t ion  shown in 
l ane  1) {}f Diagram 1;-1. Figures I l l  and IV, shall lie pro- 
vided as part (d tile machine  COlltl'(}l. Hitch (}VCI'C'UlTCIII 
p r o t e c t i o n  (tilse (}r <)x'crctlrrcllt t r ip  uni l  {}t a c i rcui t  
b reaker )  shall be p laced in each tmgr(}uncled b ranch-  
c i r c u i t  Colldtlct(}l .  A c i r cu i t  b r e a k e r  shal l  (}pet] all 
ungrc}unded c<}n{luct{}rs (}t tile + branch circuit. 

6-4 Loca t ion  of  Protective Devices. {)ye tcur ren t  protec- 
tive devices shall be localed at lhe point  wherc  the cmtduc- 
t i n  to he protec ted  receives its supply. 

t'2xc@tm, No. 1: Where all (!/tit(' 'id/owmq c(m(litimB are com- 
plied wilh: 

(1) the c(mdu(lor ha.~ a ,  ampam 0` q[ at least om'-thml (i/;) 
/hal ~!/the co,dmh~r /?om ".,hich ~t i.~ .~uflfl/ird 

(2) lhe co.du(tm i.~ .w.tablv protect..d /?om physical damage 

(3) the co .duch.  i.~ ,el  over 2 5 / l  (7.6 m) Io,g 

( 4 )  / t ie (OtI([IWI(H IPI llti~/(llt'.~ ill a .Slllgle OIlY Itil h r¢ ( / ke l  or  ,~t'[ 

~(/k.e. .  

l(xceflta). No. 2: IVhe~e all o~ the/ollowi.Z. comhtio~.~ are com- 
plied wtlh: 

(1) the co,dmTor haAa, ampac#~" ~!/ m~/ lexs lha, the .~um ~!/ 
the maximum co,li,u(m.~ load r'ur~e,/s .~upphed 

(2) /he comlmlor is .ol over l O /l {3 m) Io,~ 

(3) lhe (omltulo~ :loeA ,el  exh')id l,'vo,d the co,hol pam'l 
t'/l('[O,~ H lg 

(4) the crmdm'tm" termmah'~ m a .single cite.i! breaker or .~cl 
(!/./,.,e.~. 

6-5 Motor Branch Circuits. 

(a) T h e  t } v c r t u r r c n t  protect ive device for a br .mch cir- 
cuit supplying a ~ingle mt}tor ~hall be capable of  carrying 
tile' s tart ing ('tllTt+tlt {)1" t i le  IBt}IOI'. ( )ve l -CUl le l l [  protect ion 
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shall  be  c o n s i d e r e d  as b e i n g  o b t a i n e d  w h e n  the  o v e r c u r -  
r e n t  dev ice  has  a r a t i n g  o r  s e t t i n g  no t  e x c e e d i n g  t h e  va lues  
g iven  in T a b l e  6-5(a).  W h e r e  t h e  o v e r c u r r e n t  p r o t e c t i o n  
spec i f i ed  in t h e  table  is no t  sn f f i c i en t  tb r  t h e  s t a r t i n g  cur -  
r e n t  o f  t he  n to to r ,  it shall  be  p e r m i t t e d  to be  i n c r e a s e d  to a 
m a x i m u n t  o f  400  p e r c e n t  o f  t h e  m o t o r  flJll-load c u r r e n t  tb r  
i nve r s e  t i m e  c i rcu i t  b r e a k e r s  a n d  n o n t i n t e  de l ay  fuses ,  a 
m a x i m u m  o f  025 p e r c e n t  fin- t i m e  de l ay  o r  dua l  e l e m e n t  
fuses ,  a n d  a m a x i m n n t  o f  1300 p e r c e n t  tb r  i n s t a n t a n e o u s  
t r ip  b r e a k e r s .  

Exception: Where the values Jbr the hrrmch-circuil short-oncull 
aim grmoM@ult protective devices determined b~ Table 6-5(a) do 
not corre@ond to the .~landard sizes or ratings oJ~/uses, nonadjust- 
able circuit breakers or thermal proteelive devices, or possible set- 
tings o/adju.~table eireail breakers adequale to eany the load, the 
,exl higher .~ize, ruling, o~ setting shall be permitted. 

Table  6-5(a) M a x i m u m  Rat ing  or Sett ing  of  Motor  Branch-  
Circui t  Short-Circui t  and  Ground-Fau l t  Protec t ive  Dev ices  

Percent of Full-Load Current 

Dual 
Element Instan- 

Non-Time (Time- taneous Inverse 
Delay Delay) Trip Time 

Breaker Breaker Type of Motor Fuse Fuse 

Single-phase, :ill typc.~ 
Nt) {'ode letter 300 

All a<_ ~inglc-phasc and poiy )ha~,c 
Mlt l l l ' r c l -{dgc  a l l d  q v n t h l o l } o [ i s  
mot(}rs wlt]a flfll-vohagc, rcsi,,t{n', 
(}l" I t ' ac t l ) r  s t a r l i n g :  

N o  c o d e  ] e l l c r  300 

C o d e  h . t t e r  I" t() V 300 

{:ode lcttcr B to E 250 
(~odc loller A l 7)0 

All ac squirrel-cage and svn- 
chl 'ol lOtlS III(}I{II'S wi th  
a O I OI I';ll] ~I< )l'IIl{2 I" M;II'IIHg: 

N(}[ H lo rc  [}HIII JO ;llllt}s 

N(, t <,{hi' lcuer 250 
Mi)rc than 30 anq)~, 

No code letter 900 
(2ode [citer I" l<, V 250 
(2o{Ic l o i t e r  B to E ~110 

( 2<}{Ic l o i t e r  : \  l :')0 

tligh reactance ,,,:lulrrcl-cagc 
Not  l l l o r c  thml 30 al l lpS 

NO t(}(h_' l e t t e r  9:30 

M(}rc t h a n  3(} a l n p s  
Nt) {'()de I c l l c r  ~ 0 0  

W o u n d - r o t o r - - N { }  c o d e  l e t t e r  1.31) 

l ) i r e c l  t u r r c n t  ({ol/M:lHt v{}hagc) 

Not  111(}1c lhitll ~')0 hp 
No {ode h_'ucr 150 

M(}r{' than 51) hp 
No code letter 13() 

75 70O 250 

75 700 250 
75 700 230 
75 700 200 

150 7{10 150 

75 7{}0 2o0 

75 7OO 2OO 
75 7OO 2OO 
73 700 200 
5O 700 150 

75 700 250 

175 701} 200 

151) 701} 150 

150 25O 150 

150 175 150 

NOTE: Rating or Setting fin" Individual Motor Circuit. 
-rhc moti)r branch-circuit  short-circuit and ground- l imh 
prote{tive device shall bc capable of  carrying the starting 
current  (}f the nt(}t()r. The  rcquirt 'd protection sh:tll bc con- 
sidered as being obtained where the protective device has :t 
rat ing or setting no! exceeding the values given in the 
above t,tblc. 

:\n instantaneous trip circuit t}rcakcr >hall be used only it 
adjustable ,  if par t  <)t" a combina t ion  cont ro l le r  having  
motor - runn ing  overload and also short-circuit and ground-  
f~ttlll protection in each condul.tor, and it the combination 
is especially idcntiticd. 

(b) Severa l  m o t o r s  e a c h  n o t  e x c e e d i n g  1 h o r s e p o w e r  in 
r a t i n g  shall  be  p e r m i t t e d  o n  a n o m i n a l  120-w)h  b r a n c h  cir-  
cui t  p r o t e c t e d  at n o t  o v e r  20 a m p e r e s  o r  a b r a n c h  c i rcu i t  o f  
600  w}lts, n o m i n a l ,  o r  less ,  p r o t e c t e d  at  n o t  o v e r  15 
a m p e r e s ,  w h e r e  all o f  t h e  f i ) l lowing c o n d i t i o n s  a r e  met :  

( I t  T h e  fu l l -h}ad  r a t i n g  o f  e a c h  m o t o r  d o e s  n o t  
e x c e e d  6 a m p e r e s .  

(2) T h e  r a t i n g  o f  t he  b r a n c h - c i r c u i t  s h o r t - c i r c u i t  a n d  
g r o u n d - f a u h  p r o t e c t i v e  dev ice  m a r k e d  on  any  o f  t h e  con -  
t ro l l e r s  is n o t  e x c e e d e d .  

(3) I n d i v i d u a l  o v e r l o a d  p r o t e c t i o n  c o n t b r m s  to Sec- 
t ion 6-6. 

(c) W h e r e  t h e  b r a n c h - c i r c u i t  a n d  s h o r t - c i r c u i t  a n d  
g round - f i au l t  p r o t e c t i v e  dev i ce  is s e l ec t ed  n o t  to e x c e e d  
tha t  a l l owed  by Sec t ion  6-5(a) tb r  t h e  m o t o r  o f  t h e  smal l e s t  
r a t i ng ,  two  o r  u l o r e  n l o t o r s  o r  o n e  o r  m o r e  n l o t o r s  and 
o t h e r  load(s) ,  wi th  each  m o t o r  h a v i n g  i n d i v i d u a l  o v e r l o a d  
p r o t e c t i o n ,  shall  be  p e r m i t t e d  to be  c o n n e c t e d  to a b r a n c h  
c i rcu i t  w h e r e  it can  be  d e t e r m i n e d  tha t  t h e  b r a n c h - c i r c u i t  
s h o r t - c i r c u i t  a n d  g round - f i au l t  p r o t e c t i v e  dev i ce  will n o t  
o p e n  u n d e r  t h e  m o s t  s eve re  n o r n t a l  c o n d i t i o n s  o f  se rv ice  
tha t  n t igh t  be  e n c o t m t e r e d .  

(d) T w o  o r  m o r e  m o t o r s  a n d  t h e i r  c o n t r o l  e q u i p m e n t  
shall be  p e r m i t t e d  to be  c o n n e c t e d  to a s ingle  b ranch -c i r cu i t  
w h e r e  s h o r t - c i r c u i t  a n d  g r o u n d - f a u l t  p r o t e c t i o n  is p r o -  
v i d e d  by a s ing le  i n v e r s e - t i m e  circtfit  b r e a k e r  o r  a s ing le  set  
o f  fuses ,  p r o v i d e d  b o t h  o f  t he  f i ) l lowing c o n d i t i o n s  a r e  met :  

(1) Each  m o t o r  c o n t r o l l e r  a n d  o v e r l o a d  d e v i c e  is 
l i s ted  to r  g r o u p  i n s t a l l a t i o n  wi th  s p e c i f i e d  s h o r t - c i r c u i t  
w i t h s t a n d  ra t ings .  

NOTE: The short-circuit withstand ratmg includes: 

(at The  class and rating of  the short-circuit protective 
device. 

(b) The maximum nonfinal applic,ttion voltage. 

(c) Thc  maxinmnt available |~mlt current.  

(2) T h e  r a t i n g  o r  s e t t i ng  o f  t h e  o v e r c u r r e n t  dev ice  
d ims no t  e x c e e d  t h e  va lues  in T a b l e  6-5(b) tb r  t he  sma l l e s t  
c o n d u c t o r  in t he  c i rcni t .  

Table  6-5(b) Relat ionship  Between Conductor  Size and Maxi-  
m u m  Rating or Short-Circuit  Protect ive Device  for Power Circuits  

Max.  Rat ing  
N o n - T i m e  Delay  T i m e  Delay  

Fuse  or or 
C o n d u c t o r  Inverse  T i m e  Dual  E l ement  
Size A W G  Circui t  Breaker  Fuse  

14 60 30 
12 8O 40 
10 100 5O 

8 150 80 
(; 200 l O0 
4 250 125 

3 300 15(1 
2 35O 175 
1 400 200 

0 5OO 25O 
2/0 600 300 
3/0 700 350 
4/0 800 400 
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6-6 Motor Overload. 

Ca) Over load  devices shall be p rov ided  to prottlr t  each 
motor ,  m o t o r  con t ro l l e r ,  and b ranch-c i rcu i t  conductor 
against  excessive heat ing  due  to ntotor  over loads  or  tailure 
to start. 

(b) Reset t ing of  the over load  device shall not  restart  the 
motor .  

Exceptio,z. Where there ~,~ on& a single motor of two horsepower 
or les.~ on the machine, an overload reset operator moa~ded ot~ the 
motor  shall be permitted to festal7 the motor provided that the dis- 
lance between the overload reset operator and the maehi~e start 
pushbutton operator is 12 in. (300 ram) or less, and a suitable 
warning label is attached on or a@eent  to the overload reset 
@erator. 

(c) T h e  m i n i m u m  n u m b e r  and location of  r u n n i n g  over- 
cu r ren t  nnits shall be de t e rmined  front Table  6-6(c). 

Table 6-6(c) Running Overcurrent Units 

Number and Location of 
Overcurrent Units (such 

Kind of as trip coils, relays, or 
Motor Supply System thermal cutouts) 

l-phase ac 2-wire, l-phase ac or 1 in either conductor 
or dc dc ungrounded 

l-phase ac 2-wire, l-phase ac or 1 in ungrounded 
O1- dc de, Olle COil(lUg[Or (o l ld t l c lo f  

grounded 
1-phase ac 3-wire. 1-phase ac ()1- 1 in either ungrounded 

or dc de, grotmded-neutral conductor 
3-phase ac Any 3-phase *3, one in each phase 

*Excel)non: L'nle,~s protected b~ other approvccl means 
NO'I'E: For 2-phase p, mcr supply svslc,n, ~cc lilt' .k'almmd l-lert~*~al 

Code. Section 43(I-37. 

6-7 Motor Overload,  Special  Duty. S h o r t - t i m e  ra ted  
motors  or  h igh- revers ing  duty ntotors that cannot  be ade- 
quately p ro tec ted  bv ex te rna l  over load  devices shall be 
pro tec ted  by a thermal  device moun ted  in the moto r  and 
sensitive to the t e m p e r a t u r e  o[  the lllOtol', or to b¢)th lllOtof 
t e m p e r a t u r e  al~d cnrrent .  

Motors  that are an integral  part  of  a refr igera t ion com- 
pressor  of the herntet ic  or semihernte t ic  type shall he pro-  
tected per  the compresso r  lltantl|;acttnel"S r econnnenda-  
tions. 

6-8 Resistance Heating Branch Circuits. 

Ca) If the b ranch  circuit  suppl ies  a single n o n m o t o f  
ope ra ted  load rated at 16.7 amperes  or  more ,  the overcur-  
rent  device rat ing shall not exceed 15(1 percent  of  the load 
rating. 

(b) Electric machines  employ ing  resistance-type heat ing  
e lements  rated at ntore  than 48 antperes  shall have the 
heat ing e lements  subdivided.  Each subdivided load shall 
not exceed 48 antperes  and shall be pro tec ted  at not more  
than 60 amperes .  

Exception: A single .~heath-type heating element reqairi,g more 
tha~ 48 amperes shall be protected at ~ot more than 125 percent 
c!f the load where the element is integral w~th a~M enclosed within 
the machine housing. 

(c) T h e  supp lemen ta ry  overcurren t  protect ive  devices 
shall be: (1) installed within or  on the m a d t i n e r v  or  pro- 
vided as a separate  assembly: and (2) accessihle ]mt need 
not be readily accessible: and (3) suitable for branch-circui t  
protect ion.  

(d) T h e  main conductors  supplying these o v e r c m r e n t  
protect ive devices shall be cons idered  branch-circui t  con- 
ductors.  

6-9 Control Circuit Conductors. 

Ca) (;e~eral. A control  circuit t apped  f iom the load side 
of  the branch-circui t  short-circuit  and ground-fatf l t  protec- 
tive device(s) and thnc t ioning  to control  the load(s) con- 
nected to that b r a n d t  circuit  shall be pro tec ted  against 
overctnTent  in accordance  with this section. Such a tapped 
control  circuit shall not  be cons idered  to he a branch cir- 
cuit and shall be permi t t ed  to be pro tec ted  by e i ther  a sup- 
p l e n t e n t a r y  o r  b r a n c h - c i r c u i t  o v e r c u r r e n t  p r o t e c t i v e  
device(s). 

(b) Conductor Proteetio,. 

(1) Conduc tors  larger  than No. 14 shall be pro tec ted  
against ove rcu r r en t  in accordance with their  ampacities.  
T h e  antpacities [br control  circuit conductors  No. 14 and 
larger  shall be those given in Table  13-5(a). 

(2) Conduc tors  of  Nos. 18, 16, and 14 shall be con- 
s idered as pro tec ted  hy an ove rcu r r en t  device(s) of  not 
more  than 2(/ amperes  rating. 

Exceptm, No. 1 for (I) and (2) above. ('o,dactors that do ,or 
extend he~'mM the e~closure shall be considered protected hv the 
load brai~eh-cireuit .dlort-eireuit a~Jd groand-/aull prof,;clive 
deviee(s) where the rati~g o/ the protective deviee(.~) is not more 
tha~ 400 perce~t q/ the ampaeit)' of the control eiremt conductor 
for  conductors No. 14 and la~ger, or not more tha~ 25 ampere.s 
.fi~r No. lfl a ,d  40 amperes f i ,  No. 16. The ampaeities for eo~Mac- 
tots No. 14 and larger .dtall be the value~ ,given i~ Table 13-5(a). 

Exception No. 2 for (1) altd (2) above: ('ol~duelor~ ( (  No. 14 
a ,d  larger that extend bevmM the enclosure shall be (mrs~dered 
protected by the load hramh-eircuit short-e,euit and grou,d-/ault 
protective device(s) where the rating of the proteetive deviee(.~) i.s 
not more tha~t 300 peree,t of the ampaedy qf the cm~trol enruit con- 
daetm:~. The ampaeities shall be the values given in Table 13-5(a). 

Exeeptio~ No. 3 jbr  (1) and (2) above: Comlaetors supplied by 
the seemMarv .~ide of a single-phase tran.~former harlot q a 2-wire 
(.~mgle-voltage) seeo,da U .droll be co~sidered protected hy overeur- 
ret~t proteetim~ provided on the prima U (supfll3') side q/the tra~s- 

Jormer, provMed thi.s proteetio, ~s i~ aecordame with Section 6-12 
(rod doe~ not exceed the value determined by multiplying the see- 
mMarx emMaetor ampaeity hv the .see(mda~y-to-primary voltage 
farm. 7Wmsformer ~eeo,dar~' comlaelor.~ (other thm~ 2-wire) are 

~mt eo,sidered to he protected b>' the prima U overeurre~t proteetmn. 

Exception No. 4./br (1) a ,d  (2) above: Conductor~ of em~trol 
eireatt.~ shall be eott~Mered protected hv the motor bratuh-ehettil 
short-circuit and grouad-fl~ult protective devu'e(s) where the open- 
mg o/ the eo,trol circuit would create a hazaM, as /or  example. 
the ccmtrol circuit c!f a mag, eti~ chuck a ,d  the like. 
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6 - 1 0  L i g h t i n g  B r a n c h  C i r c u i t s .  ( ) v e r c u r r e n t  p ro t ec t ion  
for l igh t ing  b ranch -c i r cu i t s  shall  not  exceed  15 a m p e r e s .  

6 - 1 1  P o w e r  T r a n s f o r m e r .  As used  in this  sectMn, the  
W o l ' d  "'II",IIISf'OI-IIIUY" shall I11C;111 ~t p o w e r  t l '~ . l l lS[ ( ) l ' lHe l"  O1" 

po lyphase  b a n k  of  two or  t h r e e  s ing le -phase  prover  t rans-  
t}.)rnlers o p e r a t i n g  as a uni t  to supply  power  to Mads o t h e r  
t han  con t ro l  circuit  devices.  

(a) Prl,lar~'. Each 600-voh or  less t r a n s t o r m e r  shall be 
p r o t e c t e d  by an  ind iv idua l  o v e r c u r r e n t  device on  the  pri-  
mar) '  side r a t ed  or  set at not  m o r e  t h a n  125 p e r c e n t  of  the  
r a t ed  p r i m a r )  cur re t l t  o f  the  t r a n s t o r m e r .  

Exceptiml No. 1: When. lhe rated prima O' turn .h i  ¢¢ a hw.s- 
.fin-met is 9 amperes or more a ,d  125 fler(e,l of lkis current doe.s 
m~l conwspo,d to a standard ralinL~ o / a  .filse or ,o,arljuslable 
ci~ruit breaker, lke ,exl h~qher sta,dard rati.g shall be pent.z/led. 
Wlwn' tkr rated pri,m O' current is le.~.~ t lm. 9 ampen's, an over- 
curre,l devwe rated or .w.l at ,ol more lkan 167 perce.l o/ lke 
prim(t 0' curr.',l .droll be permitted. 

l.lq,.re the rated /mma O' turn.n!  is h's.~ t im, 2 ampere.~, a .  
0vercurre, l  devir'e rah'd or .w.l al m~l more l]l(lll "~()0 flerce,l .'(]ldl[ 
be pen,  tiled. 

Exception No. 2: ,4n imtzvidual m.ercurn.nl device shall m)l be 
n'quired when' the prima U circml m,erc,rre,l device provides the 
proleclio, speci/ied m lkis seclio,. 

l?xcrpho. No. 3: .-t.~ provided m (b) behm.. 

(b) lhimam' am/ SecoHdarL A l r a n s t o r m e r .  6()(~ volts or  
less, h a v i n g  an o v e r c u r r e n t  device on the  seco M a r y  side 
r a t ed  or  set ill llOt Ill{We t h a n  125 pevcenl  of  the  r a t ed  sec- 
o n d a r y  c u r r e n t  of  the  t r a n s f o r m e r  shall not  be r e q u i r e d  to 
have  an  iudividual  o v e r c u r r e n t  device on the  p r i m a r y  side 
if the  p r i m a r y  t~:eder o v e r c u r r e n t  device is lHled o1 set at a 
CtlllCll[ value Dot inore  t h a n  250 pe r cen t  of  the  r a t e d  pri- 
mary  c u r r e n t  of  the  t r a n s f o r m e r .  

A t r a n s l o r m e r ,  600 ",':)Its or  less, e q u i p p e d  with c o o r d i -  
n a t e d  t h e r m a l  ove r load  p ro t ec t i on  by the  m a n u l a c t u r e r  
a n d  a r r a n g e d  to i n t e r r u p t  the  p r i m a r y  c u r r e n t  shall not be 
r e q u i r e d  1o have an i n d i v i d u a l  o v e r c u r r e n t  dev ice on the 
p r h n a r y  side i f  the P r i m a r y  t;eedev o v e v c u r r e n t  dev ice is 
ra ted  or set at a c u r r e n t  value  11,:)[ l l l O l e  lh;.tll (] t imes the  
ra ted  c u r r e n t  o[  the  t r a n s t o r m e r  for t r a n s f o r m e r s  h a v i n g  
HOt  l l l O l e  t h a l l  (~ pe r cen t  i m p e d a n c e ,  a n d  I101 m o l e  [h ; . t l l  4 

t imes the  ra ted  c u r r e n t  of the  t l 'ansl~)rmer for t r a l l S l O l m e r s  

h a v i n g  m o r e  t han  6 but  not m o r e  t han  10 pe r cen t  imped-  
; . l l l ( ' e .  

Excephom l'l/herc lhe raled .v'cmMar~' curr.ud of a tra,~/ormer i.~ 
9 ampen'.~ or more amt 125 perce,l o[Ikis curnml dm'.~ ,0l  crmw- 
spmM Io a ~lamlard rali,.~ of a /)~se or mmar!juslahl.' circuit 
breaker. 11.. m'x t  kgker  shmdard mlmg .droll be permzl/rd. 

l'["TH'rt' 1]1¢ ialFd ,w'¢olldarf (tO'Yell[ 13 [':',s'.g lhall 9 NIII/N'Fg,S, all 
oT~vrr' l lrrell l deT'N'¢ rah.d or .w.l at not more lkan 167 [)erce*d q/l/w 
rah.d secomlarv curn . , l  skall br" permilh.d. 

6 - 1 2  C o n t r o l  C i r c u i t  T r a n s f o r m e r .  

(a) W h e r e  a con t ro l  circuit  t r a n s l o r m e r  is provided ,  the 
t r a n s f o r m e r  shall be  p ro t ec t ed  in a c c o r d a n c e  with Table 
6-12. 

Excepho. No. 1: H/kere lhe c(mh'ol circml ha..sfinmer i.s a. 
inle.gral parl of lkr motor co.lrollrr and is located wilhi, the 
motor controller e,closure, a .d  wkere a .  overcurrent devir,'(O 
rated or sel at ,ol more than 200 perce,I qf the rated .seco,dar~ 
('ltrrmd ({/the lm,.~former is pnr.&led m the .~eco,dam' cinml. 

Exce/)tim~ No. 2: Wkere Ihe mm.~/ormer .supphes a (.'kiss I 
pmver-limih.d. Class 2. or Cl.ss ~ remoh.-co.trol ci~ruil. 

Excephon No. 3. Overcurn',t proleclio, shall be omi/ted where 
lke ope,in~ o/ lke co.hol  circuil would create a kazard, a.~ ./or 
example, lke ccmho[ circui! o/ a magm, lw ckmk a ,d  lke hke. 

(b) W h e r e  t h e  c i r cu i t  is g r o u q d e d  t h e  p r o t e c t i v e  
device(s) shall be located only in the  u n g r o u n d e d  side, 

(c) W h e r e  m u h i p l e  overcurrent  pro tec t ive  devices are 
used to p ro tec t  ind iv idua l  b r a n c h  circuits,  a n d  the  sum of 
the  c u r r e n t  ra t ings  of  these  ove rMad  p ro tec t ive  devices 
exceeds  the  c u r r e n t  a l lowed in Tab le  6-12, a single over- 
load p ro tec t ive  device c o m p l y i n g  with Tab le  6-12 shall be 
p l aced  in the  c i rcui t  a h e a d  o f  the  m u h i p l e  p ro tec t ive  
devices. T h e  r a t i ng  or  se t t ing  of the  o v e r c u r r e n t  protect ive  
device  shall not  exceed  llle values in Tab le  6-12 to t  the  rat- 
ing of  tile con t ro l  t rans f iwmer .  

(d) ( h m t r o l  circuit  vol tage de r ived  f rom a power  t rans-  
| o r m e r  shall be p e r m i t t e d .  

Table 6-12 Control  Transformer Overcurrent  Protect ion 
(120 Volt  Secondary)  

Control  Transformer Size, Max im um  Rating, 
Vol t -Amperes  Amperes  

50 (t.5 
10(} 1.0 
130 1.6 
20O 2.(} 
23() 2.5 
30() 3.2 
500 5 
75O 8 

1 ooo 1 o 
123o 12 
I 5o() l 5 
2000 20 
3000 30 
5000 5(I 

~ ( ) l  I-~: [,lw [l-,lllStllllilel-~ [Hl-~CY t h a n  31){)0 x o l l - a m p c t c s ,  
dt"~l(t '  i iH]llg shah bt' hawd on 123 l)t'l 't,t 'lll (1[ l h c  ~,t,(Olld,iF\ 
OI Iht '  IIAIISlOFIIIUI. 

iht,  pl-illc( ii,,t, 
{ iii i-t, ll{ i ;11111~ 

6 - 1 3  C o m m o n  O v e r c u r r e n t  D e v i c e .  T h c  use of  the  same 
<wcrcurrent device to p rov ide  the  p ro tec t ion  called fiw in 
Sections 6 -9 .6 -10 ,  6-11, a n d  6-12 shall be p e r m i t t e d .  
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CONTROL ( ] IRCUITS  79-17  

6-14 Undervoltage Protection. 

(a) In cases where a voltage drop below a specified level 
can cause malfhnctioning of tim electrical equipment, a 
minimum voltage device or detector that ensures appropri- 
ate protection at a predetermined voltage level shall be 
provided. 

(b) The electrical equipment shall be designed to pre- 
vent autolnatic restart of any nlachine motion or cycles 
after power has been restored to required operating levels. 

Exception No. 1: Blower motors where movi~g parts are fully 
~, aa rded. 

Exeeptim~ No. 2. Coolant pamp,s. 

Exception No. 3: Pumps utilized to mai~dai~ the raw mah'ria£ 
m a workable eond~tian. 

I Exc~J~ti:m No. 4: Compn,.s,~or pumpdown eireuits. 

(c) In an unsupported extrusion system such as blown 
film, sheet, or pipe, and where the operat ion of the 
machine can allow |or an interruption of the vohage dur- 
ing a tiaction of a second, a delayed no-voltage device shall 
be permitted. The delayed, interruption and the reclosing 
shall in no way hinder instantaneous interruption by the 
control and operating devices (limit switches, relays, push- 
buttons, etc.). 

6-15 Adjustable-Speed Drive System. The incoming 
branch circuit or t;eeder ~o power conversion equipment  
included as part of an adjustable-speed drive system shall 
be based on the rated input to the power conversion equip- 
ment. \Vhere the power conversion equipment provides 
overload protection tot the motor, additional overload 
protection is not required. 

6-16 Motor Overspeed Protection. Unless the inherent 
characteristics of the motor, or the controller or both are 
such as to limit the speed adequately, drive systems motors 
shall include protection against motor overspeed. 

()verspeed protection means include, but are not neces- 
sarily limited to, tim tbllowing: 

(a) A mechanical overspeed device incorporated in the 
drive to remove allllature voltage on nlolOf overspeed. 

(b) All electrical overspeed detector tllat will remove 
a r l l l a [ t | l e  voltage OIl l l lOtOl" overspeed. 

(c) Field loss detection to remove a rmature  w)hage 
upon the loss of field current. 

(d) Vohage-linfiting speed-regulated drives that operate 
with constant full field. In tiffs case, protection is obtained 
individually fiw tim loss of tield or tachometer feedback: 
however, protection against simuhaneous loss of tield and 
tachometer is not provided. 

The sale operating speed of the driven equipmem may 
be less than that of the motor. In this case, the user should 
coordinate with the drive manutitcturer to obtain the most 
suitable means of l imiting operation to sate operat ing 
speed. 

6-17 Equipment Overspeed Protection. Where the sat~ 
operating speed of the equipment is less than that of the 
drive motor, means shall be provided to limit the speed of 
the equipment. 

Chapter 7 Control  Circuits  

7-1 Source of Control Power. The source of supply for 
all control circuits shall be taken fiom the load side of the 
main disconnecting means. 

Exceptiom Power supply to memom', elements arm their sappor! 
logic requiring power at all times to maintain tke storage of infor- 
maho~ shall be permitted to be taket~ J)om the line side o/the main 
discomu,clmg mea~s or olker power ,~ouree. The marking require- 
merits of Seetio~ 2-5(a) ,~hall apply. 

7-2 Control Circuit Voltages. 

(a) Alternating-current (ac) control voltage shall be 120 
volts or less, single phase, obtained fiom a transformer 
with an isolated secondary winding. 

Exeephon No. 1: Other voltages shall be permitted, where ~teces- 
sa~y, fbr the operation of electronic, preeisiom static, or similar 
devices used i~ the em~trol ein'uil. 

Exeephon No. 2." Exposed, grounded control eireuit.~ shall be 
permitted whe~ supplied &' a transformer having a prima U rat- 
mg of m)l more tha~ 12() volts, a .~ec(mdaQ' rati~g of m~t more 
that~ 25 volts, and a eapacily ~{/ not more th(m 50 volt-amperes. 

Excephmt No. 3. :D U eleetromechameal mag~etic devwe having 
a*~ mrash current exceeding 20 amperes at 120 volts shall be per- 
mitted to be e~e~gized at line voltage through cmdaetor or rela~' 
eontacts. The em~tactor or relay contacts shall break both sides of 
the line voltage etreutl to the magnehe device. The relay (oil shall 
be e:mneeted to the eonhol elr(l¢ll. 

(b) Direct-current (de) control vohage shall be 250 volts 
OF l e s s .  

Exeephon: Other voltages ,~hall he permtlled, where ~ecessarv,, 
Jbr the operatimt ~!/ electromc, preeisio~, static, or ,smfilar devices 
u.~ed m lhe cm#rol eiremt. 

7-3 Grounding of Control  Circuits .  ( ;rounded or 
ungrounded  control circuits shall be permitted as provided 
in Section 17-7. Ground taults on any control circuit shall 
11o[ cause unintentional starting or dangerous nlovements, 
or prevent stopping of the machine. 

7-4 Connection of Control Devices. 

(a) All operating coils of electromechanical magnetic 
devices and indicator lamps (or transformer primary wind- 
ings for indicator lamps) shall be directly connected to the 
same side of the control circuit. All control circuit contacts 
shall be connected between the coil and the other side of 
the omtrol  circuit. 

Excephmz No. 1: Electrical itderlock contacts o~ multispeed 
molor ('otHYollet~s where the zvirittg to the,~e eottlacl5 does 1lot exh'nd 
bewmd the co~trol emlosure. 

Exeephot~ No. 2: Overload relay co~daets ",,here the wiring to 
these contacts does m)t extetM beyond the control et,losure. 

Excephot~ No. 3: Cm~lacls of mulhpole control circuit swihhing 
devices thai smmllam'oa,~lv ope~t both sides o/ the co~trol circuit. 

Excephon No. 4: (;roumt test swtlehi~tg device co~dacls i~ 
ungrounded eonhol eireuil,~. 
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79-18 INDUSTRIAL MACHINERY 

Exceptmn No. 5: Solenoid test switching device eonlacts in 
ungrounded circuits. 

Exeept~o~ No. 6: Coils or contacts used in electronic control elf- 
(lilts where the wiring to these coils or contacts does ~wt extend 
he~'ond the control enclosure. 

Exception No. 7. "Run" pushbuttons for two-hand operution, 
such us for presses having ground detection circuits and overcur- 
rent protection in eack conductor. 

(b) Contacts shall not be connec ted  in parallel  to 
increase ampacity. 

7-5 Stop Circuits. 

(a) Stop functions shall be initiated through deenergiza- 
tion rather than energization of control devices. 

(b) Stop fimctions shall override their related start func- 
tions. 

(c) Each machine shall incorporate an emergency stop 
circuit with at least one manually operated emergency stop 
device. (See Section 7-6 Jbr reqmrements of the eme~geno,, stop 
c,cuit.) 

Exception. 14'here the emetgem 7 stop fu~ction duplicates the 
normul or zo~e (where provided) stop Jimelion, a separate emer- 
ge~, 7 stop fm~clion shall m~t be required. 

(d) A zone stop is an optional stop function that may be 
requested for applications of robots or similar equipment,  
where protection is required, that may be used where safe- 
guards and human detection devices are required. (,See Sec- 
lion 7-7.fi," requirement.~ of the zo~le stop ei~vmt.) 

NOTE: In IEC 204-l. thlsstop fhnction is a satiety stop. 

(el A normal stop circuit(s) shall be provided to stop 
motion under  normal operating conditions. [See Section 7-8 

for requirement.~ of the normul .~top circuit(s).] 

7-6 Emergency Stop. 

(a) The emergency stop circuit shall tunction by remov- 
ing power to actuators that cause hazardous conditions as 
quickly as possible without creating other hazards (i.e., by 
providing means requiring no external power). 

(b) The functioning of any braking system fitted to the 
machine to stop it more rapidly shall not be prevented by 
actuating tile emergency stop circuit. 

(c) The emergency stop function shall override all other 
fimctions and operations in all modes. 

(d) The emergency stop circuit shall: 

(1) operate by, deactivation or deenergization and on 
loss of the electrical supply. 

(2) have only hardware based components (i.e., it 
shall not rely on software to operate), although it may be 
possible to initiate the circuit from the software of tile pro- 
grammable electronic system. 

(3) signal the programmable electro,tic system that 
an emergency stop has been executed. 

(el Where the affected machine is associated with other 
machines working in a coordinated manner  that have indi- 
vidual programmable electronic systems or a supervisory 

programmable electronic system, provisions shall be made 
to signal the other programmable electronic systems that 
an emergency stop has been executed. 

(t) Each machine shall have provisions to connect exter- 
nal emergency stop devices, sateguards, or interlocks to the 
emergency stop circuit. 

(g) Where a separate emergency stop device is pro- 
vided, it shall be necessary to reset the emergency stop cir- 
cuit manually befilre any machine motion may be initiated. 
The resetting of the emergency stop circuit by itself shall 
not initiate any motion. 

7-7 Zone Stop. Tile zone stop circuit shall function as a 
controlled stop followed by removal of power to the 
machine actuators that can cause a hazardous condition. 

The zone stop circuit shall override all other functions 
and operations in all modes except emergency stop. The 
zone stop circuit may be either hardware or software 
based. It can be initiated t iom a hardware device, the logic 
or software of tile machine controller, or over a communi- 
cations network or link. It shall signal the logic or software 
that such a condition exists. For a group of machines work- 
ing in a coordinated manner  and having more than one 
machine controller, provisions shall be made to signal the 
other controllers that a zone stop has been executed. 

Provisions to connect safeguards, zone sensors (e.g., pre- 
sense sensing devices), or interlocks to this circuit shall be 
provided. It shall be necessary to reset the power to the 
machine actuators bet~}re any operation that could result in 
a hazardous condition is initiated. The resetting of the 
power to the machine a c t u a t o r s  by itself shall not initiate 
any operation. 

7-8 Normal Stop. 

(a) The nnrmal stop(s) shall function as a controlled 
stop. 

(b) The stop circt, it(s): 

(1) shall override all other functions and operations 
in all modes except emergency stop. 

(2) shall be permitted to be either hardware or soft- 
ware based. 

(3) shall be permitted to be initiated from a hard- 
ware device, the logic or software of the machine program- 
mab]e electronic system, or over a communications net- 
work or link 

(4) shall signal the logic or software that a normal 
stop has been executed. 

(c) Where tile affected machine is associated with other 
machines working in a coordinated manner  that have indi- 
vidual programmable electronic systems or a supervisory 
programmable electronic system, provisions shall be made 
to signal the other programmable electronic systems that a 
normal stop has been executed. 

7-9 Start Circuits. 

(a) The start of a cycle or operation shall only be possi- 
ble where all the satety measures fbr personnel ,  the 
machine, and the work in progress are fulfilled. 
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(b) Suitable interlocks shall be provided to secure cor- 
rect sequential starting of cycles and operations. 

7-10 Hold  to Run Circuits. Where used, hold to run cir- 
cuits [e.g., jog, inch circuit(s)], shall be designed to require 
continuous actuation of  the control device(s) to achieve 
operation (i.e., machine motion), particularly when a haz- 
ardous condition is present. 

7-11 Operating Modes. Each machine shall be permitted 
to have one or more operat ing modes (e.g., teach for 
robots) that are determined by the type of  machine and its 
application. 

Where hazardous conditions can arise fl'om mode selec- 
tion, such operation shall be protected by suitable means 
(e.g., key operated switch, access code). Mode selection by 
itself shall not initiate operation. A separate action by the 
operator  shall be required. 

Safeguards  shall remain  effective for all ope ra t ing  
modes. 

7-12 Feed Interlocked with Spindle Drive. Interlocking 
shall be provided so that the spindle drive motor control- 
ler is activated before the tool is driven into the workpiece. 

7-13 Machinery Door Interlocking. Hinged or sliding 
doors providing ready access to compartments containing 
belts, gears, or other moving parts that may expose haz- 
ardous  condi t ions  shall be in ter locked th rough  limit 
switches or other means to prevent operation of the equip- 
ment when the doors are not closed. 

7-14 Motor Contactors and Starters. Motor contactors 
and starters that initiate opposing motion shall be both 
mechanically and electrically interlocked to prevent simul- 
taneous operation. 

7-15 Relays and Solenoids.  Relays and solenoids that are 
mechanically interlocked shall be electrically interlocked. 

7-16 Setup Mode. Where necessary for setup purposes 
and when under  supervised control, interlocks shall be 
permitted to be bypassed by qualified personnel provided 
that other protective interlocks tot the satiety of personnel 
shall remain operational. 

7-17 Two-Hand Control Circuits. Where used to initiate 
potentially hazardous motion, two-hand control circuits 
shall: 

(a) be protected against unintentional operation. 

(b) have the pushbutton contacts connected in series 
and shall be arranged by design and construction or sepa- 
ration, or both, to require the concurrent  use of both 
hands to initiate the machine operation. 

(c) incorporate an antirepeat feature for machines that 
would present  a hazard if an unin tended  repeat  cycle 
occurred. 

NOTE: See ANSI B1 1 series standards. 

Ch ap ter  8 Con tro l  E q u i p m e n t  

8-1 Connections.  Means for making conductor connec- 
tions shall be provided on or adjacent to all control devices 
mounted in the control enclosure. 

8-2 Subpanels. Subpanels with concealed or inaccessible 
internal wiring or devices shall be mounted and wired to 
be removable. 

8-3 Manual and Electromechanical Motor Controllers. 

(a) Each motor controller shall be identified and shall be 
capable of starting and stopping the motor(s) it controls 
and, for alternating current  motors, shall be capable of 
interrupting the stalled rotor current  of the motor(s) per 
the manufacturer ' s  listed ratings. Control lers  rated in 
horsepower shall be used tor motors rated l/s HP or larger. 
The  motor controller shall be sized in accordance with 
Table 8-3(a). 

Exception: Other motor controllers shall be permitted provided 
the~ are ide,~tified as suitable for the intended use and protected in 
accordance with marked rotb~ U. 

NOTE: See definition of Identified in Appendix A. 

Table 8-3(a) Horsepower Ratings for Three-Phase, Single- 
Speed, Full Voltage Magnetic Controllers for Nonplugging and 

Nonjogging Duty 

Service-Limit Three-Phase Horsepower at 
Current 

Size of Motor Rating 200 230 460/575 
Controller Amperes* Volts Volts Volts 

00 11 1 ½ 1 ½ 2 
0 21 3 3 5 
1 32 7½ 7½ 10 
2 52 10 15 25 
3 104 25 30 50 
4 156 40 50 100 
5 311 75 100 200 
6 621 150 200 400 
7 932 -- 300 600 
8 1400 -- 450 900 
9 2590 -- 800 1600 

Relizrence ANSI/NEMA ICS-2-88. "l'at/le 2-321-1. 
*The service-limit current ratings shown in Tallies 8-3(a) and 8-3(c) repre- 
sent tile maxmmm rms current, in amperes, tile controller may be expected 
to carry tot protracted periods in normal service. 

(b) Mternating current  motor controllers shall open all 
of the supply conductors leading to associated motors. 

(c) Where machine operation requires a motor control- 
let to repeatedly open high motor current, such as in plug- 
stop, plug-reverse, or jogging (inching) duty, requiring 
continuous operation with more than five openings per 
minute, the controller shall be de-rated in accordance with 
Table 8-3(c). 

Exception: Other motor controllers shall be permitted provided 
thcv are identified as suitable for the mte~Med use and protected in 
accordance with marked ratb~ U 

NOTE: See definition of Identified in Appendix A. 
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Table 8-3(c) Horsepower Ratings for Three-Phase, 
Single-Speed, Full Voltage Magnetic Controllers for 

Special Duty Applications 

Continuous Horsepower at 60 Hertz Service-Limit 
Current Current 

Size of Rating* 200 230 460 or 575 Rating** 
Controller Amperes Volts Volts Volts Amperes 

0 18 I~/~ l~/e 2 21 
1 27 3 3 5 32 
2 45 7~4, 1() 15 52 
3 90 l 5 20 30 104 
4 12",5 25 30 60 156 
5 270 60 75 150 311 
6 540 125 150 300 621 
9 225t) 800 1600 2590 

Rctcrence AXSI/NEM,\ I(:S 2-88, "lable 2-321-3 

N()'IE. RcR'r I{, .XNSI,'NEMA ICS 2-8S tln hmscpox~er rating', ot~,mglc - 
ph lp ,  c ,  l 'Cd l l c cd  voltage, o r  Illtlllly, p c c d  III()D)I" c o n t r o l l e r  ; ipph({ l l tOl t .  

* ' [ h c  (oll[lll t l t)[l '~-{ I l l ' lCll t  I ' i i l lIIg5 QIO'al l  ill [ ; I b l c h  N-~.(;I) ~tlld N-2~t() I'C[)I'C- 
St'Ill I h c  m; Ix i l / I t l l l l  Fills CHITCnl,  ill a l l lpCl ' t ' s ,  t h e  c l ) n t r o H c r  Ill;IV ])C expected 
[O Cill'l "~, t l ) l l t l n i l o l l s l ' ¢  withol t [  e x c c c d i n ~  t h e  I e m p g l - a t t l t - e  I'lhCh p C l m i H c d  by  
l'arl ICS 1-109 ot NEM:\ Standard~ I'ublicatiol~ No. 1(;5; I. 
**'1 h e  ~,cl"~ l t c - h l t l l l  t'lllTI211l r i t l l l l ,~ ,  ~,ho;'~ II ill l a b l c ' ,  ,S-3CI) a n d  N-3l t  ) r e p r o -  
S t i l l  I h¢  IlhlXlIIll l lI l  r i l l5  ( I l r l  Clll ,  Ill ; l l l ll)Clc'~, l i l t '  t o l l l l - ( ) l l c l  lllilV l ie  e x i l e (  t e d  
ti) ( 'ill 'l ' \  till" p l 'OlI ' , l t ' l ed  t)Cl'lOd5 111 IIOl'lll,ll st'I'Vict" :\1 scIwICC-hIll l l  CIIITCIll 
raling,;, tClnpCraturc ruses nla} exceed those obtained by testing the control- 
lc l  ,it It', t ' (u l t in l l (HIS { tlt 'l 'CllI l ' i t l l l l  o. ' [ ' h c  t 'tlt ' l 'Cllt I ' a t i l lg  o] O\CF]Oild l'C],l'~ s i11' 
Ihc tl Ip ( I l l  I+Clll OI o t h e r  t l lOtOt p l O t c t  tt; ' t '  d e \  l<C ~, tp, c d  ~,h,li] ill Jr t'Xt t ' t 'd  t h e  
~CI'VICC-hlIIH t ' lIFl '¢lll  l ' i l l l l lg  (it [}]C {'t) l l l l 'ol lcl ' .  

(d) Several  m o t o r s  shall be p e r m i t t e d  to be o p e r a t e d  
t i o m  one  m o t o r  c o n t r o l l e r  whe re  s epa ra t e  ove r load  protec-  
t ion is p r o v i d e d  for each moto r ,  a n d  the  h o r s e p o w e r  r a t i ng  
of  the  con t ro l l e r  is not  exceeded .  

8-4 Marking  on Motor Control lers .  A c o n t r o l l e r  [or a 
m o t o r  r a t ed  ~/'~ h o r s e p o w e r  or  m o r e  shall be m a r k e d  with 
the  vohage ,  phase ,  h o r s e p o w e r  ra t ing ,  a n d  such o t h e r  data  
as lllily be  n e e d e d  to p rope r ly  indicate  the  m o t o r  f in  which 
it is sui table.  

C h a p t e r  9 C o n t r o l  E n c l o s u r e s  a n d  C o m p a r t m e n t s  

9-1 Type .  

(a) Enclosures  a n d  c o m p a r t m e n t s  shall be n o n v e n t i l a t e d  
with c o n s t r u c t i o n  and  seal ing su i tab le  f in  the  i n t e n d e d  
e n v i l O l / n l e n t .  

Exception: Equipme~# requni~g ve~dilat*o~ droll he permith,d to he. 

1. hou,~ed i~ a separate -,,enDlated portion <{/'the enclosure 
or (omparDnetll, or 

2. housed M a separate ventilated chela.sure or comparhm'~d. 

(b) Ven t i l a t ed  enc losu re s  a n d  COlnpar tments  shall  be 
cons t ruc t ed  to p r e v e n t  the  e n t r a n c e  of  any de le t e r ious  sub- 
s tance  n o r m a l  to the  o p e r a t i n g  e n v i r o n m e n t  a n d  shall pre-  
vent  the  escape of  sparks  or  b u r n i n g  mater ia l .  

9-2 N o n m e t a l l i c  E n c l o s u r e s .  N o n m e t a l l i c  enc losu re : ,  
iden t i t i ed  f in  the  p u r p o s e  shall be pe rmi t t ed .  For g r o u n d -  
ing provis ions ,  see Section 17-3. 

9-3 C o m p a r t m e n t  Locat ion .  C o m p a r t m e n t s  fi)r bu ih - in  
con t ro l  shall  be completely '  isolated t i o m  coolan t  and  oil 
reservoirs .  T h e  c o m p a r t m e n t  shall  be readi ly  accessible 

a n d  c o m p l e t e l y  e n c l o s e d ;  it sha l l  no t  be  c o n s i d e r e d  
enc losed  whe re  it is o p e n  to the  t loor,  the  t b u n d a t i o n  u p o n  
which  the  mach i lm  rests, or  o t h e r  c o m p a r t m e n t s  of  the  
m a c h i n e  tha t  a re  ilot c lean and  dry. 

9-4 Wal l  T h i c k n e s s .  l ' h e  walls of  c o m p a r t m e n t s  shall be 
no t  less t han  the  tblh~wing: .0625 in. (1.5 ram) f in  sheet  
steel: t/s in. (3.2 ram) f in  cast metal ;  or  :Y:~,_, in. (2.38 lnlll) 
ti)r mal leab le  iron.  

9-5 D i m e n s i o n s .  T h e  d e p t h  o f l h c  enc lo su re  or  compar t -  
men t  m c l u d i u g  doo r s  or  covers  shall not be less t h a n  the 
m a x i m u m  d e p t h  o f  t he  e n c l o s e d  e q u i p m e n t  p lus  the  
r e q u i r e d  electrical  c learances .  

9-6 Doors .  Enc losures  or  c o m p a r t m e n t s  shall have  one  
or  m o r e  h i n g e d  doo r s  tha t  shall swing abou t  a vertical axis 
and  shall be held  closed with capt ive  fas teners  or  vauh- type  
h a r d w a r e .  T h e  th ickness  of  metal l ic  doo r s  shal l  not  be less 
t han  tha t  ind ica ted  in Section 9-4. T h e  width  of  doo r s  shall 
not  exceed  40 m. (1016 ram). 

Exceptian: H;hen, the motor(s) a~t the ma<hi~e lolal,~ lwo home- 
power or le.~,~, cover~ hHd on with caphve ,~crew-t)'pe./h.~le,er,~ ,droll 
be penmlled. 

9-7 Gaske ts .  W h e r e  gaskets  a re  used,  they shall be  of  an  
oi l - resis tant  mlttevial a n d  shall be securely  a t t ached  to the  
d o o r  or  e~lch)sure. 

9-8 I n t e r l o c k s .  Any door(s)  tha t  pe rmi t s  access to live 
par t s  o p e r a t i n g  at 5() volts or  mlwe shall be so in te r locked  
tha t  the  door(s)  GlilllOt be  o p e n e d  unless  all power  is dis- 
o ) n n e c t e d .  

Exc¢'ptio~ No. 1: Exh'r,al i~derlockmg cncuils operating at le,~,s 
thmt 1 50 volts ~eed m~t he discom~ected pro,,ided tha! the ci~ruit 
cmMmlors are idenl!/u,d with a w'lhm,-colored i~tsulation a.~ 
described m ,S'ectim~ 14-1(a) amt a wanm~g marking is attached 
to the door m accmrta~tce with S'eHhm 2-5(a). 

Excepho~ No. 2. II shall be per,filled to provuh' mea~s /br qual- 
!fled per.~o,,~ to gain access wllhoal remoz,i~g power. 77~e rob,flock- 
rag .~hall he reactivated aulomahcallv when the door(,q is clo.~ed. 

Exception No. 3." Where an altachme~d p l ,g  i.~ ,sed as the dt,~- 
~¢mne(ling mean,~ a~M a wmwi~g marking i,~ allached to lhe door 
it~ accordm~ce with Sechon 2-5(b). 

Excelmm~ No. 4." H/here lhr mator(.~) o, the machine totals two 
horsepo,rer or les.s, a~t rxtermd, ~mn-i~derlocked discomtecting 
mea~r~ shall be permitted provided that the dgcom,'cting mean.~ ~.~ 
within siL, ht amt readilr accessihh,, the control emlosure door or 
cover is marked w~th a wanm~g mdi(atmg that the power shall he 
rrmoved hv the dt,~cmmecling mea,.~ h~fore the emhmoe  ~.~ opened, 
aml /briber Drovided that a tool i,~ required to open the emqo.~un,. 

9-9 I n t e r i o r  F in i sh .  T h e  in t e r io r  of  con t ro l  enc losures  
a n d  exposed  sur taces  of  panels  m o u n t e d  t h e r e i n  shall be 
f in ished ill a l ight color. 

Excepliom An em'losed motor canholler /or a .ffngle motor. 

9-10 W a r n i n g  Mark.  All con t ro l  enc losures  and  compart-  
lllelltS tha t  do  not  c lear ly  show they  c o n t a i n  e lectr ical  
devices and  that  a re  not  ~'lectricallv h / t e r locked  shall be 
m a r k e d  with a black or  r ed  l i g h t n i n g  flash on yellow back- 
g r o u n d  within a black m red  t r i ang le  as shown in A p p e n -  
dix C, Secti ,m C-I.  
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9-11 Print Pocket. A print pocket sized to accommodate 
electrical diagrams shall be attached to the inside of the 
door of the control enclosure or compartment.  Single door 
and multidoor enclosures shall have at least one print  
pocket. 

Chapter 10 Location and Mounting of Control 
Equipment 

10-1 General Requirements. 

(a) Control equipment  shall be mounted and located so 
that it will not interfere with machine adjustments or main- 
tenance. 

(b) Pipelines, tubing, or devices tbr handling air, gases, 
or liquids shall not be located in enclosures or compart- 
ments containing electrical control equipment. 

Exceptiom Equipment for cooling electronic devices. 

10-2 Control Panels. 
(a) All devices mounted on the control panel and con- 

nected to supply voltage, or to both supply and control 
voltages, shall be grouped separately ii'om devices con- 
nected only to control vohages. 

Exception: Where supply voltage is 150 volts or less. 

(b) Terminal  blocks tbr power circuits shall be grouped 
separately fi'om control circuits. 

Exception: Grouped power terminals shall be permitted to be 
mounted adlace~t to grouped control terminals. 

(c) Terminal  blocks shall be mounted to provide unob- 
structed access to the terminals and their conductors. 

(d) The stationary part of each multiconductor control 
cable plug/receptacle shall he mounted to provide unob- 
structed access. 

(e) The panel shall not be set to such depth fiom the 
door fiame or other projecting portion of machine as to 
intertm'e with inspection and servicing. 

(t) Starters, contactors, and other control devices shall 
be t iont  mounted on a rigid metal panel. Equipment shall 
be mounted so that any component  can be replaced with- 
out removing the panel. No components shall be mounted 
behind door pillars unless adequate space is provided tor 
replacement and servicing. 

(g) Test points, where provided, shall be mounted to 
provide unobstructed access, plainly marked to correspond 
with markings on the drawings, adequately insulated, and 
sufficiently spaced tor connection of test leads. 

10-3 Subpanels and Electronic Subassemblies. Sub- 
panels and electronic subassemblies mounted on the con- 
trol panel or on other support ing means, e.g., rack or 
shelf, shall be mounted so that adequate space is provided 
for replacement and servicing. 

10-4 Control Enclosure.  T h e  e n c l o s u r e  shall  be 
mounted in a manner  and position to guard it against oil, 
dirt, coolant, and dust, and to minimize the possibility of 
damage from floor trucks or other moving equipment. 

10-5 Clearance in Enclosures and Compartments. 

(a) Enclosures or compartments for mount ing control 
panels shall provide adequate space between panel and 
case tbr wiring and maintenance. 

(b) Exposed, nonarcing, bare, live parts within an enclo- 
sure or compartment,  including conduit fittings, shall have 
an air space between them and the uninsulated walls of the 
enc losure  or c o m p a r t m e n t ,  of not  less than  ~/_, in. 
(12.7 ram). Where barriers between metal enclosures or 
compartments and arcing parts are required, they shall be 
of flame-retardant, noncarbonizing insulating materials. 

10-6 Machine-Mounted Control Equipment. 

(a) Control equipment,  such as limit switches, brakes, 
solenoids, position sensors, etc., shall be mounted rigidly in 
a reasonably dry and clean location, shall be protected 
from physical damage, and shall be free from the possibil- 
ity of accidental operation by normal machine movements 
or by the operator. Such equipment  shall be mounted with 
sufficient clearance from surrounding surfaces to make its 
removal and replacement easy and shall have a suitable 
enclosure for the termination of conduit as well as provi- 
sions for making electrical connections. 

Exception No. 1: A solenoid sealed m an individual oil-filled 
colttainer shall be permitted. 

Exception No. 2: Prewired devices, such as limit switches, prox- 
imity switches, etc., provided zmth a~l identified cable need not be 
eqmpped with provisions for terminatio~ of conduit. 

(b) All limit switches or position sensors shall be installed 
so that accidental overtravel by the machine will not dam- 
age the limit switch or sensor. 

(c) Solenoids for operating devices shall be mounted so 
that liquids shall drain away fiom the electrical component 
enclosure. 

10-7 Rotary Control Devices. Devices such as potentiom- 
eters and selector switches having a rotating member shall 
be mounted to prevent rotation of the stationary member. 
Friction alone is not sufficient. 

Chapter 11 Operator's Control Stations and 
Equipment 

11-1 Pushbuttons, Selector Switches, Indicating Lights. 

(a) All pushbutton and selector switch operators, indi- 
cating (pilot) lights, and illuminated pushbuttons shall be 
of the oiltight type. 

Exceptiom" Machines ide~it!fied for the e~wiromnent. 

(b) Pushbutton operators, indicating (pilot) light lenses, 
and illuminated pushbutton lenses shall be color coded in 
accordance with Table 11-1. 

1. The color RED shall be used for Stop, Emergency 
Stop, or Off operators only. 

2. The preferred color of Start or On operators is 
GREEN, except that BLACK, WHITE, or GRAY shall be 
permitted. 
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3. P n s h b u t t o n s  t h a t ,  w h e n  p r e s s e d ,  ac t  a l t e r n a t e l y  as 
S t a r t  a n d  S t o p  o r  O n  a n d  O f f s h a l l  be  B L A C K ,  W H I T E ,  o r  
G1LAY. R E D  o r  G R E E N  shal l  n o t  be  u s e d .  

4. P u s h b u t t o n s  t h a t  c a n s e  m o v e m e n t  w h e n  p r e s s e d  
and s t o p  m o v e m e n t  w h e n  t h e y  a r e  r e l e a s e d  (e .g. ,  j o g g i n g )  
siaall be  B L A C K ,  W H I T E ,  GIL4Y, o r  B L U E  wi th  a p r e f e r -  
e n c e  tb r  B L A C K .  

5. R e s e t  p u s h b u t t o n s  s h a l l  b e  B L U E ,  B L A C K ,  
W H I T E ,  o r  G R A Y  e x c e p t  w h e n  t h e y  a l so  act  as a S t o p  o r  
O f f  b u t t o n ,  in w h i c h  ca se  the}'  sha l l  be  RED.  

Except|ore Stop ibmlion operatm:~ of the wobble-stick or rod- 
operated t~,pe.~ in the bottom oJa pendant station need not be col- 
ored red. 

(c) E m e r g e n c y  p u s h b u t t o i a  o p e r a t o r s  sha l l  be  o f  t h e  
p a l m  o r  m u s h r o o t n  type .  

(d) P u s h b n t t o n  o p e r a t o r s  u s e d  to ini t ia te  a s t op  f u n c t i o n  
shal l  be  o f  t h e  e x t e n d e d  o p e r a t o r  o r  m u s h r o o m  h e a d  types .  

(e) P u s h b u t t o n  o p e r a t o r s  u s e d  to i n i t i a t e  a s t a r t  f i m c t i o n  
o r  m o v e m e n t  o f  m a c h i n e  e l e m e n t s  (s l ides ,  s p i n d l e s ,  ca r r i -  
e r s ,  e tc . )  sha l l  be  c o n s t r u c t e d  o r  m o u n t e d  to m i n i m i z e  
i n a d v e r t e n t  o p e r a t i o n .  

Exception: Mushroom-lype operato~:~ shall be permitted to initiate 
start,/to+ctions wken installed m acconlance with Section 7-17. 

11-2 Emergency Stop Controls. 

Ca) E m e r g e n c y  s t o p  p u s h b u t t o n s  sha l l  be  l o c a t e d  a t  e a c h  
o p e r a t o r  c o n t r o l  s t a t i o n  a n d  at  o t h e r  o p e r a t i n g  s t a t i o n s  
w h e r e  e m e r g e n c y  s h u t d o w n  sha l l  be  r e q u i r e d .  

(b) S top  a n d  e m e r g e n c y  s t o p  p u s h b u t t o n s  sha l l  be  c o n -  
t i n u o u s l y  o p e r a b l e  t i o n i  all c o n t r o l  a n d  o p e r a t i n g  s t a t i o n s  
w h e r e  loca ted .  

11-3 Foot-Operated Switches. 

Ca) F o o t - o p e r a t e d  s w i t c h e s  sha l l  be  p r o t e c t e d  to p r e v e n t  
a c c i d e n t a l  a c t u a t i o n  by fa l l ing  o r  m o v i n g  o h j e c t s  a n d  f i o m  
u n i n t e n d e d  o p e r a t i o n  by  a c c i d e n t a l  s t e p p i n g  o n t o  t h e  
swi tch .  

11-4 Control Station Enclosures.  All o p e r a t o r  c o n t r o l  
s t a t i o n  e n c l o s u r e s  sha l l  be  d u s t t i g h t ,  n ] o i s t u r e t i g h t ,  a n d  
o i l t igh t .  

ExoJ)tmn: Non-mltighl control ,~tatim~ em'losures shall be per- 
milled o~ machines where .~uitable jbr the enz,mmment. 

11-5 Arrangement of  Control Station Components.  All 
S ta r t  p u s h b u t t o n s  sha l l  be  m o u n t e d  a h o v e  o r  to t h e  left <if 
t h e i r  a s s o c i a t e d  S t op  p u s h b u t t o n s .  

Exc~J)tim~ No. 1: Start pushbuttons iJt series, such as operating 
pu.~hbuttons o~ pu,ck pre.~se.~. 

Exc@tim~ No. 2: Wobble-stick or rod-operated emergem 3' slop 
pu.~hbuttmr~ mounted h~ tDe bollon# q/+pe~Manl ,~tations. 

11-6  L e g e n d s .  A l e g e n d  sha l l  be  p r o v i d e d  fi~r e a c h  c o n -  
trol  s t a t i o n  c t ) m p t m e n t  to identi ty,  its f l i nc t i on  a n d  sha l l  be  
l o c a t e d  so  t h a t  it c a n  be  r e a d  ea s i h '  by  t h e  e q u i p m e n t  o p e r -  
a t o r  t}onl  t h e  t l o r m a l  o p e r a t o r  pos i t i on .  T h e  l e g e n d s  sha l l  
be d u r a h l e  a n d  su i tab le  f o r  t he  o p e r a t i n g  e n v i r o n n ] e n t .  

Table 11-1 Color Coding for Pushbuttons, Indicator (Pilot) 
Lights, and Illuminated Pushbuttons. 

Color Device Type Typical Function Examples 
RED Pushbutton Emergency Stop, Emergency Su)p button, 

Stop, Ott Master Stop butt<m, Stop 
o f  one el + llIOFe motol'S. 

Pdot Light Danger or alarm, Indication that a protec- 
abnornlal clnldltiOll rive device has stopped the 
requiring itnmedlate nlachitle, e.g., ovcrhmd. 
attention 

Illuminated Machine stalled because ,it 
Pushbutton overload, etc. (use of RED 

tlhmfinated pushbutton 
shall not be permitted fin- 
emergency stop). 

YELLOW l>ushbutton Return, Fmergency Return ofmachmcele-  
(AMBER) Return+ Inter- merits to sati: position. 

venti<m--suppress override other lhnctions 
abnormal conditions previously selected. Avoid 

u i l w a n t e d  c h a n g e s .  

Pilot Light Attention, caution/ Automatic cycle or motors 
marginal condition, running; some vahie (pres- 
Change or impend- sure, temperature) is 
ing change of tend|- a )proachlh]g its permissible 
lions ]im t. (;round tault liid ca- 

tion. Overload that Is per- 
mitted tor a linfited time. 

Illuminated Attention or Some value (pressure, 
F'ushl)utton caution/Start of an teniperattlre) is approach- 

operation intended ing its permissible litmt, 
to avoid dangerous pressing button to over- 
<onditions ride other functions previ- 

ously selected. 

GREEN Pushbutton Start-(ln (;eneral e l  + nlachille start: 
start of cycle or partial 
s c q t i c n c e ;  Stai ' t  o f  ()ilL* el" 
IlIOi'e n l o t o l ' s ;  s ta i ' t  e l  a u x -  
i l i a ry  see uence; energize 
c o i l t l ' o  C r f l i  ts. 

thlot l.ight Machine Ready; Indication ofsaR, condi- 
SatL'ty lion Iw authorizat.m to 

~roceed. Machine ready 
w operatmn with all ton- 

d l t i o n s  ilOl-lnitl Ol + c;,clc 
c<mlplete and math'the 
reacty to be restarted. 

[llunmmted Machine m Unit Start or On after authon- 
Pushlmlton ready [or operalion/ zation bylight; start otmae 

Stai't or On Or Ill<)Fe mOIOFS It+i" auxil- 
lar) [hnctilms; start or 
energization ot machine 
elenlents. 

BLACK Pushbutton No specific thnction Shall be permitted tl) be 
assigned used tor alp,' [unction 

except [or 19tlltons with the 
sole lhnction (if Stop or 
Off, niching <)r jogging. 

WHITE PtishbutlIW~ Any hlnction not Control of auxiliary [unc- 
or covered by tile tions iIOI directly related 

CLEAR al)o~e to the working cycles. 

Pilot l.ight Normal (]end|lion Nornlal pressure, tempera- 
( ] t l l l [ i r l l ta t io l ]  t t l re, 

l l l tun ina ted  ( ' on i i r n i a t i on  tt/at a Energ iz ing  o f a u x i l i a r y  
[qi~,hbutton c i rcul l  h a s  b e e n  f in ]e l len or  c i r c u i t  l lot 

e n e r g i z e d  i ) l  f[lllC- r e l a t e d  to  t h e  w o r k i n g  
l i o n  o r  n l O V e l l l e n t  l i t  cvc le ;  s t a r t  o r  p r e s e l e c t u m  
tile machine has o'f direction olfi:ed motion 
been started/Start- or speeds. 
Oil, or tiny preselec- 
lion o fa  function 

BLUE Pushbutton, Any fun{tion not 
or lhh>l l+tght, co@red by the 

GRAY ,w lllumi- at)<,xc coh.-s 
nated Pttsh- 
button 

Fro- il]umhmted pushbumms the fm~ction(s) ol the light is separated h'om 
dm fi+mctton(s) of the butt.n by i virgule (I). 
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11-7 Location of Control Stations. 

(a) All stations shall be mounted  in locations that will 
minimize exposure  to oil, coolant, and other  contaminants. 

(b) Con t ro l s  shall  be within n o r m a l  reach of  the 
machine opera tor  and shall be so placed that the opera tor  
does not have to reach past spindles or other  moving parts. 

(c) Controls shall be located so that unintentional  oper-  
ation by normal movement of the machine, operator ,  or 
work will be unlikely. 

11-8 Pendant Stations. 

(a) Pendant  opera tor  control station enclosures shall be 
oiltight. 

(b) A wobble stick or rod opera tor  at the bottom of the 
station shall be permit ted tbr Emergency Stop controls. 

(c) Pendant  pushbutton stations shall be suppor ted  by 
suitable means other  than the flexible electrical conduit  or 
mult iconductor  cable. 

(d) Grounding  and bonding shall comply with Sections 
17-2, 17-3, 17-4, and 17-6. 

Chapter 12 A c c e s s o r i e s  and Light ing  

12-1 Attachment Plugs and Receptacles External to the 
Control Enclosure. 

I (a) Attachment ping and receptacles shall be listed tor 
the applied voltage and shall be of the locking type where 
rated greater  than 20 amps. Where used on 300 volts or 
more, they shall be skirted and constructed to contain any 
arc generated when a connection is made or broken. 

(b) Attachment plugs and receptacles shall be provided 
with a grounding  pole and so constructed that tile ground-  
ing pole is made before any current-carrying poles are 
made, and is not broken until all current-carrying poles of 
the at tachment plug have been disconnected. A grounding  
pole shall not be used as a current-carrying part. 

(c) Attachment plugs and receptacles shall be designed 
to prevent the entrance of uil or moisture when in the 
operat ing position. Means shall be provided to cover the 
receptacle when the plug is removed. 

Exception: Where temperatures require the use o/ high- 
temperature attachment plugs and receptacles. 

12-2 Receptacles Internal to the Control Enclosure. 

(a) Receptacles internal to the control enclosure shall he 
permitted only tot  the tbllowing: 

1. Maintenance equipment.  

2. AC power distr ibution within the enclosure to 
electronic assemblies designed and approved for cord and 
plug connection. 

(b) Receptacles shall he of the parallel-blade grounding-  
type rated 125 volts, 15 amperes.  

(c) Receptacles shall be suppl ied from a 120-volt ac 
source and shall have overcurrent  protection not exceed- 
ing 15 amperes.  

(d) Receptacles fbr maintenance equipment  shall be sep- 
arate fi-om receptacles for other  purposes and shall have 
ind iv idua l  overcurrent  p ro t e c t i on  not  e x c e e d i n g  15 
amperes.  

(e) The source of power shall be the eqnipment  control 
transformer,  a separate isolating transformer,  or, in the 
case of receptacles tor maintenance eqnipment  only, one of 
the maintenance lighting circuits permit ted in 12-3(b)3 and 
12-3(b)5. 

(t) The  receptacles shall not be accessible when the 
equipment  doors or covers are in the closed position. 

12-3 Control Panel, Instrument,  and Machine Work 
Lights. 

(a) The lighting circuit voltage shall not exceed 150 volts 
between conductors. 

(b) Lights shall be supplied t iom one of the fi~llowing 
s o u r c e s :  

1. A separate isolating transformer connected to the 
load side of" the machine disconnecting means. Overcur- 
rent protection shall be provided in the secondary circuit. 

2. A grounded 120-voh machine control circuit with 
separate overcurrent  protection for the lighting circuit. 

3. The plant lighting circuit shall be permit ted tbl- 
the supply of a maintenance lighting circuit in control 
enclosures only. 

4. Where the motor(s) on the machine totals two 
horsepower or less, it shall he permit ted to connect the 
machine work light to the plant lighting circuit. 

5. A separate isolating t ranstormer  connected to the 
line side of the machine disconnecting means shall he per- 
mitred fi)r the supply of a mainte,mnce lighting circuit in 
control enclosures only. 

6. The line side of the main disconnecting means 
where a separate pr imary disconnecting means, isolating 
t ranstormer ,  and secoqdary overcurrent  protect ion are 
furnished in an enclosure and mounted within the control 
enclosure, adjacent to the main disconnecting means. 

(c) The conductors to stationary lights used as an inte- 
gral part  of the machine shall be Type MTW, and the con- 
ductors within the fixtures shall he not smaller than No. 18 
AWG. 

(d) Flexible cords shall be Type SO, STO, STOW, or 
s J o ,  s j o w ,  SJTO and shall not i n c o r p o r a t e  in- l ine 
switches. 

(e) Grounding  shall comply with the provisions of Sec- 
tion 17-8. 

(t) Machine work lights shall not contain switches or 
receptacles where exposed to liquids or condensing mists 
unless identitied tor the purpose.  

(g) Stroboscopic effects from lights shall be avoided. 

(h) Reflectors and protectors shall be suppor ted  by a 
bracket and not the lampholder .  
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C h a p t e r  13 C o n d u c t o r s  

13-I General .  

(a) T h e s e  r e q u i r e m e n t s  c o v e r  t h e r m o p l a s t i c  T y p e  
MTW. "I 'HHN, T H W ,  and T H W N  600-V wires and cables 
as specified in NFPA 70, Nanonal Electrical Code, 1987 edi- 
tion, UL 1063-1990, Machine-Tool Wires and Cables, and 
ASTM Standards  B 8-86, Concentric-Lay-Stranded Copper 
Conductors, Hard, Medium-Hard, or So/i, B 33-81 (R-1985), 
Tinned Soft or Annealed Copper W~re./or Electrical Purposes, B 
174-71 (R- 1985), Bunch-Stranded Copper Conductors for Elec- 
trical Conductors, and B 286-89, Copper Conductors for Use in 
Hookup Wtre for Electronic Equipment. T h e  insulation and the 
finished wires and cables shall be suitably f lame re tardant  
and have t e m p e r a t u r e  limits and characterist ics as listed 
below: 

1. M T W - - M o i s t u r e - ,  Heat-,  and Oil-Resistant T h e r -  
moplastic 

60°C (140°F) Wet  Locations 
90°C (194°F) Dry Locations 

2. T H H N - - H e a t - R e s i s t a n t  Thermoplas t i c  

90°C (194°F) Dry Locations 

3. THW--Mois tu re -  and Heat-Resistant Thermoplastic 

75°C (167°F) Dry and Wet Locations 

4. THWN--Moisture-  and Heat-Resistant Thermoplastic 

75°C (167°F) Dry and Wet Locations 

I (b) M u l t i c o n d u c t o r  f lex ib le  cords ,  T y p e  SO, STO,  
S T O W  or  SJO, SJOW, SJ'l 'O, shall be permi t ted .  

(c) Mineral- insulated (metal-sheathed)  cable, Type  MI, 
shall be permi t ted .  T e m p e r a t u r e  r a n g e - - 8 5 ° C  (185°F) Dry 
and Wet Locations. 

13-2 Conductors .  

(a) Conduc to r s  of  AWG sizes 22 th rough  4/0 and MCM 
sizes 250 t h rough  1000 shall be only o f  s t r anded  soft- 
annea led  copper .  C o n d u c t o r  cross-sectional area, dc resis- 
tance, and s t randing  is listed in Table  13-2(a). 

Table 13-2(a) Single Conductor Characteristics 

Cross-Sectional Area DC Resistance Minimum Number 
Size Nominal at 25°C Stranding (ASTM Class) Constant Flex 

(AWG/kcmil) (CM/mm ~) (ohms/1000 It) Nonflexing Flexing (ASTM Class/AWG Size) 

22AW(; 
20 
18 
16 
14 
12 
10 
8 
6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 
250kcmil 
30O 
35O 
400 
450 
500 
550 
600 
650 
700 
750 
800 
900 

1000 

640/0.324 
1020/0.519 
162(I/0.823 
2580/1.3 l 
4110/2.08 
6530/3.31 

10380/5.261 
16510/8.367 

26240/13.30 
-t1741 r21.15 
5262(/~26.67 
663611 q'~:';. 62 
83690 '42.41 

105600 '53.49 
17,3101]/67.43 
16780(] ~85.01 

211600'1117.2 
'127 
/152 
/177 
/203 
/228 
/253 
/279 
/304 
/329 
/355 
/380 
/405 
/456 
/507 

17.2 7(t) 7( I ) 19(1M/34) 
10.7 10(K) 10(K) 26(M/34) 
6.77 16(K) 16(K) 41 (M/34) 
4.26 19(C) 26(K) 65(M/34) 
2.68 19(C) 41 (K) 41 (K/30) 
1.68 19(C) 65(K) 65(K/30) 
1.060 19(C) 104(K) 104(K/30) 
0.6663 19(C) ~ (-) 
0.4192 19(C) ~) (-) 
0.2636 19(C) ~ (-) 
0.2o91 19(c) ('9 (-) 
0.1659 19(C) ~ (-) 
0.1315 19(B) (~) (-) 
0.1042 19(B) ~ (-) 
(1.08267 19(1,) ~) (-) 
0.06658 19(B) ('k) (-) 
0.05200 19(B) ~ (-) 
0.04401 ?,71B) (~) (-) 
0.03667 37(B) ~ (-) 
0.03144 37(B) ~) (-) 
0.02751 37(B) ~ (-) 
0.02445 37(B) ~ (-) 
0.02200 37(B) (~) (-) 
0.02000 61(B) (~) (-) 
O.Ol ~34 61(B) ~ (-) 
0.01692 61(B) ~ (-) 
1t.111572 61(B) ('k) (-) 
0.01467 61 (B) (~ (-) 
0.01375 61 (B) ~ (-) 
0.01222 611B) ~ (-) 
0.01101 61(B) (',,) (-) 

(A, B) ASTM Class l)esxgnati<m B and C per ASTM B 8-86. 
(K) Class l)esignalmn K per ASTM B 174-71 (R-1980). 
(i) A class designation has not been assigned to this conductor, but it is designated as si/e 22-7 m ASTM 1", 281;-74 (R-1979) and is composed ol'strands l(; mils 
m diamelcr (No. 30 AWG). 
(~) Nonflexing construcuon shall be permitted lot flexing service. 
(-) Constant tlexing cables not conslructed in these sizes. 
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Exception No. 1." Conductors with msulatiou characterLstics co~- 
siste,t with the provt.smns of this chapter bat with stranding other 
thau thai spec!fled m Table 13-2(a).shall he permitted o~ individ- 
ual device,s that are pureha.~ed completely wired (i.e., motor start- 
ers, etc.). 

Exception No. 2." Co,ductors sat!jeer to temperatures, voltages, 
euvirmm~e,tal eo~Mitim~s, or [texi~g exceeding the rati~gs listed in 
this chapter shall have .wdtable characteristtes. 

(b) Where  constant  t lexing service is requi red ,  conduc-  
tor s t randing  shall con tbrm to Table  13-2(a). 

(c) Solid conductors  AWG 24-30 of  soft-annealed coppe r  
shall be pe rmi t t ed  tbr use within control  enclosures  when 
not subject to flexing. 

(d) Pr inted wire assemblies of  f l ame-re ta rdant  material  
shall be pe rmi t t ed  in place of  conduc to r  assemblies pro-  
vided they are  within control  enclosures  and are  m o u n t e d  
in such a way to minimize  flexing or  stress. 

(e) S h i e l d e d  c o n d u c t o r s  shal l  cons i s t  o f  s t r a n d e d ,  
annealed  copper  of  25 AWG or  larger  tor single conduc-  
tors used in subassemblies and 22 AWG or  larger  fin all 
o ther  uses. T h e  conductors  shall be in accordance  with 
Tables 13-2(a) and 13-4(c) and shall have a metallic shield 
and an oil- and moisture-resis tant  ou te r  cover ing  such as 
vinyl plastic. 

(t) Special conductors  such its RG-/U transmission cable 
shall he permi t t ed  where  necessary for the p r o p e r  tunc- 
ti<ming of  the equ ipment .  

13-3 C o n d u c t o r  Siz ing.  

Conduc to r s  shall not be smaller  than: 

(a) Power circuits ................................................... No. 14 

(h) l+ighting and control  circuits on the machine  and m 
raceways ...................................................................... No. 16 

Exeeptiou: h~ a,jacketed, mulheo~Muctor cable assemhl~', No. I8 
shall be permitted. 

(c) Control  circuits within control  enclosures  or  opera-  
t m  stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  No. 18 

(d) Electronic  p r o g r a m m a h l e  Cont ro l  I/O; and static 
c o n t r o l :  

(1) Conduc to r s  in raceways ............................. No. 24 

ExoJ)ttou: ht a jacketed, mtdticonductor ('able as.semblv, No. 30 
or hlrger shall he permitted. 

(2) Conduc to r s  within control  enclosures  ....... No. 26 

ExceJ)tiom" For jumpers a ,d  special wiring applicatw~ts (e.g., 
solderless wra D or wire-chp type eou,eetions or shielded eoudm- 
tots), comh+ctor~ No. 30 or larger shall be permitted. 

13-4 Wire Insulat ion .  

(a) W h e r e  " the rmop las t i c "  or  "PVC"  appears  in this 
s tandard,  the intent ion is to designate  a synthesized com- 
pound  whose characterist ic const i tuent  is polyvinyl chh)- 
ride or  a copo lymer  of  vinyl chlor ide or  vinyl acetate. Every 
wire requ i r ing  insulation and in tended  ti)r use as a single 
conductor  or  in a cable shall be insulated tor its entire length 
with p roper ly  c o m p o u n d e d  h o m o g e n e o u s  PVC material.  

(b) The  color of  the insulation shall be solid, or  it shall 
have one  or  more  stripes of  different  colors. 

(c) T h e  average  and the m i n i m u m  thickness of  the insu- 
lation in construct ions A and B shall be in accordance  with 
Table  13-4(c). 

(d) Cons t ruc t ion  B shall have a nylon jacke t  appl ied  
directly over  the insulation. T h e  .jacket shall be snug on the 
insulation and shall be at least as thick as indicated in Table  
13-4(c). 

(e) Wire insulation shall be identif ied and adequa te  lo t  
the voltage on that conductor.  Where  the conductors are run 
with or  adjacent to o ther  conductors,  all conductors  shall 
have insulation rated |or  the ,naximum vohage involved. 

Exception: Bare conductors such as capacttor or resistor leads, 
,]umper.s betwee~ termi~mls, etc., shall he permitted where the 
method of securing provide,s electrical clearatme. 

Table 13-4(c) Single Conductor Insulation 
Thickness of Insulation 

In Mils* 
[Average/Minimum (Jacket)] 

Wire Size A B 

22AW(; 30/27 15/13(4) 
20 30/27 15/13(4) 
18 30/27 15/13(4) 
16 30/27 15/13(4) 
14 30/27 15/13(4) 
12 30/27 15/13(4) 
10 30/27 20/18(4) 
8 45/40 30/27(5) 
6 60/54 30/27(5) 

4-2 6t)/54 40 /36(6)  
1-4/0 80/72 50/45(7) 

250-5001MCM 95/86 6tl/54(8) 
550-1000 110/99 70/63(9) 

(*) L'I. 1063 Table 1.1 NEC Coilstructl<>n 
A-go outer COV(21+111~ 
B-Nyhm covering 

13-5 Conductor  Ampaci ty .  

(a) T h e  cont inuous  cur ren t  carr ied  by conductors  shall 
not exceed the values given in "l'able 13-5(a). 

(b) Motor  circuit  conductors  shall have an ampacity not  
less than 125 percent  of  the full-load cu r ren t  ra t ing of  the 
highest  rated moto r  in the g roup  plus the sum of  the full- 
load cu r ren t  ratings o f  all o the r  connec ted  motors  and 
appara tus  in the g roup  that may he in opera t ion  at the 
slmm time. 

(c) Combined  load conductors  shall have an ampacity 
not less than 125 percent  of  the full-load cur ren t  rat ing of  
all resistance heat ing  loads plus 125 percent  of  the lull-load 
cur ren t  rat ing of  the highest  rated motor  plus the sum of 
the full-load cur ren t  ratings ot + all o ther  connected  motors  
and appara tus  that may be in opera t ion  at the same time. 

(d) T h e  m a x i m u m  size of  a conduc to r  selected finna 
Table  13-5(a) and connec ted  to a motor  contro l ler  shall not  
exceed the values given in Tahle  13-5(d). 

Exception: Where other motor controlle~:s are u,~ed, the maxmmm 
eomlmtor s~ze shall ~ot exceed that spec!/led b)' the mam(faeturer. 
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Table 13-5(a) Conductor  Ampaci ty  Based on 
Copper  Conductors  with 60°C and 75°C Insulat ion  

in an Ambient  Temperature  of  30°C 

Ampaci ty  In 
Conductor  Size AWG Cable or Raceway Control  Enc losure  

60°C 75°C 60°Ct 

30 
28 
26 
24 2 
22 3 
2O 5 
18 7 
16 10 
14 15 
12 20 
10 30 30 
8 40 50 
6 55 65 
4 70 85 
3 85 100 
2 95 115 
1 11 o 130 
0 125 150 

2/0 145 175 
3/0 165 200 
4/O 195 23O 

250 215 255 
300 240 285 
350 260 310 
400 28O 335 
500 320 380 
600 355 420 
700 385 460 
750 400 475 
800 410 490 
900 435 520 

1000 455 545 

0.5 0.5 
0.8 0.8 
1 1 
2 2 
3 3 
5 5 
7 7 

10 10 
15 20 
20 25 

4O 
60 
8[) 

105 
120 
140 
165 
195 
225 
260 
300 
340 
375 
420 
455 
515 
575 
63{) 
655 
68O 
73O 
78O 

t Sizing o[ conduc to r s  in wi r ing  harnesses  or  wi r ing  d l a n n c l s  shall bc 
based on the ampac i ty  f in  cables. 
N O T E  I: Wire  t) 'pcs listed m Section 13-1 dlall bc p e r m i u c d  to be used at 
the  anlpaCltlCS as limed in tills table 
N O T E  2' For ambien t  t e m p e r a t u r e s  o the r  than 30°C, see NEC Table  
310-16 torl-cCtioll [~t{tol'~,. 
N ( ) ' [ ' E 3 :  T h e s o m - t c ~ l o r t h e a m p a c i f i e s m t l n s t a h l c a r c T a b l e 3 1 0 - 1 f a n d  
3 ] O- 17 o f  fl~e NI(C. 

Table 13-5(d) Max imum Conductor  Size for 
Given Motor Control ler  Size* 

Maximum Conductor  Size 
Motor Control ler Size AWG or MCM 

00 14 
0 10 
1 8 
2 4 
3 0 
4 I)00 
5 500 

*Sec ANSI/N EMA ICS 2-1983 Tad)k' "2, 11 O- 1. 

1 3 - 6  W i r e  M a r k i n g s .  

(a) A d u r a b l e  l egend  p r i n t e d  on the  o u t e r  sur tace  of  the  
insu la t ion  of  coqs t ruc t ion  A, { m  the  ot, ter  surt~tce of  t h e  
n y h m  jacke t  o f  cons t r uc t i on  B, on the  o u t e r  s tnl . tce of  the  
insu la t ion  u n d e r  the  j acke t  of  cons t r uc t i on  B (only if clearly 
legible t h r o u g h  the  nylon),  or  on  the  o u t e r  snr tace  of  the  

j acke t  of  a m u l t i c o n d u c t o r  cable shall  be r e p e a t e d  at  in ter -  
vals of  n o  m o r e  t h a n  24 in. (610 ram) t h r o u g h o u t  the  
l eng th  of  the  s i n g l e - c o n d u c t o r  or  the  m u l t i c o n d u c t o r  cable. 

Exception: Size smaller than Number 18 shall be permitted to be 
marked on the reel or smallest unit of shq~ping carton. 

(b) T h e  legend shall include the  manufhc tu re r ' s  n a m e  or  
t r ademark ,  the  wire, type, voltage rat ing,  and  gage or  size. 

(c) W h e r e  the  c o n d u c t o r  size is AWG 16-10 a n d  the  
s t r a n d i n g  is i n t e n d e d  for f lexing service,  the  l egend  shall 
inc lude  " f lex ing"  or  "Class K." 

C h a p t e r  1 4  W i r i n g  M e t h o d s  a n d  P r a c t i c e s  

14-1  G e n e r a l  R e q u i r e m e n t s .  

(a) C o n d u c t o r s  shall be ident i f ied  at each t e r m i n a t i o n  to 
c o r r e s p o n d  with the  ident i f ica t ion  on  the  d i a g r a m s  a n d  
shall be color  coded  as fbllows: 

B L A C K - - L i n e ,  load, a n d  con t ro l  circuits  at l ine voltage. 

R E D - - A C  cont ro l  circuits,  at less t han  line w)ltage. 

B L U E - - D C  cont ro l  circuits.  

Y E L L O W - - I n t e r l o c k  con t ro l  circuits  supp l i ed  f rom an  
ex t e rna l  power  source.  

I NOTE: The  in te rna t iona l  and  European  s tanda, 'ds  
require the use of the color ORANGE for this purpose. (See 
IEC 204-l/br .speo/ic requneme~l.s.) 

GREEN (with or  wi thout  one  or  more  yellow s t r ipes)--  
Equ ipment  g round ing  conductor  where  insulated or  covered. 

NOTE: The  in t c rna t iona l  and  European  s t andards  
require the use of the bicolor (;RFEN-ANI)-YEI.L()W fin. 
this pu,'pose. (,See IEC 204-1/br .spec!flc requiremenS.) 

W H I T E  or  N A T U R A L  G R A Y - - G r o u n d e d  circtfit  con -  
d u c t o r .  

I NOTE: The  in te rna t iona l  and European  s t anda rds  
require the use of the color LIGHT BLUE fin" this purpose. 
(See lift" 204-1 [or .specl[ic reqmreme~tt.s.) 

Exception No. 1: Internal wiring on individual device.~ pur- 
chased completely wired. 

Exception No. 2." Where in,~ulahon is used that is not available 
in the colors required. 

Exception No. 3: Where malticonductor cable is used. 

Exceptmn No. 4: CmMactors used to cmmect electronic, preci- 
,~ion, static, or similar devices or panels. 

Exceptmn No. 5: Where local condition~ require that the control 
circuit be grounded, it shall be st~fficient to use a green (with o r  

without m~e or more yellow st~4pe9 or a bare condactor.f~vm the 
transfinvwr terminal Io a groundling ternmml on the control panel. 
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Exception No. 6." Additional colors shall be permitted to be used 
to ./hcditate ide,t!fication between control panels and devices on 
the equipment; however, black shall be used/br all wiring at line 
voltage. 

(b) Conductors and cables shall km run without splices 
from terminal to terminal. 

Exception: Splices shall be permitted to leads attached to electri- 
cal equipment, such as motors and solenoid,s, and shall he insu- 

I lated with oil-resistat~t electrical tape or insulation equivah,~d to 
that (![" the conductors. 

(c) Terminals on terminal blocks shall be plainly identi- 
fied to correspond with markings on the diagrams. 

(d) Shielded conductors shall be so terminated to pre- 
vent flaying of strands and to permit easy disconnection. 

(e) Identification tags shall be made of oil-resistant 
material. Where wrapqype adhesive strips are used, they 
shall be of a length not less than twice the circumlierence of 
the wire. Sleeve-type tags shall be applied so they will not 
slip off the wire. 

(f) Terminal  blocks shall be wired and mou,lted so the 
internal and external wiring does not cross over the termi- 
nals. Not more than two conductors shall be terminated at 
each terminal C O l l n e c t i o l l .  

Exceptmn." More than two conductors shall he permttted where 
the terminal is idenhfied. 

14-2 Panel Wiring. 

Ca) Panel conductors shall be supported where neces- 
sary to keep them in place. Wiring channels shall be per- 
mitted where made of a flame-retardant instflating mate- 
rial. 

(b) Where back-connected control panels are used, 
access doors or swmgout panels t ha t  swing about a vertical 
axis shall be provided. 

(c) Muhiple-device control panels shall be equipped 
with terminal blocks or with attachment plugs and recepta- 
cles tbr all outgoing control concluctors. 

14-3 Machine Wiring. 

Ca) Condt, ctors and their connections external to the 
control panel enclosure shall be totally enclosed in suitable 
raceways or enclosures as described in Chapter 15, unless 
otherwise permitted in this section. 

(b) Fittings used with raceways or muhiconductor cable 
shall be liquidtight. 

Exceptm,: Liqaidtigh!./itti,g~ ,~hall ,ol be required where flexi- 
hie metal co,dull t,s permitted by Exception to Sectim~ 14-3(d). 

(c) Liquidtight flexible conduit or muhiconductor cable 
shall be used where necessary to employ flexible connec- 
tions to pendant  pushbutton stati<ms. The weight o f  pen- 
dant stations shall be supported by chains or wire rope 
external to the flexible conduit or multiconductor cable. 

(d) Liquidtight flexible conduit or muhiconductor cable 
shall be used tot connections invohmg small or infrequent 
movements. They shall also be permitted to complete the 
connection to normall} stationary motors, limit switches, 
and other externally mounted devices. 

Excepho,: Where suhjected to temperatures exceeding the limzl.~ 
.for liquidtight flexible metal coadad, flexihle me/a~ cmMad shall he 
permitted. 

(e) Connections to  t iequently moving parts shall be 
made with conduct,)rs fin flexing service as shown in Table 
13-2(a). Flexible cable and conduit shall have vertical con- 
nections and shall be installed to avoid excessive flexing 
and straining. 

Excepliom Horizontal eo,,eclicms shall he permitted when, the 
./lex~ble cable or ccmduit is adeqaah,ly supported. 

(t) Where flexible conduit or cable is adjacem to moving 
parts, the construction and the support ing means shall 
prevent damage 1o the flexible conduit or cable under  all 
omdifions of operation. 

Exceptim~: Prewired devue.~ such as limit swilche,s, proximily 
swdches, etc., provided with a ,  ide,l(fled cable need not he 
eqmpped with prm,tsions /br termination r!/co~Mtul. 

(g) All conductors of any ac circuit shall be contained in 
the same raceway. 

(h) Conduct(ns connected in ac circuits and conductors 
connected in dc circuits shall be permitted in the same 
raceway regardless of vohage, provided they are all insu- 
lated tbr the maximum voltage of any conductor in the 
raceway. 

(i) Connect ion through a polarized grounding- type  
attachnmnt plug and receptacle shall be permitted where 
equipment is removable. The male plug shall be connected 
to the h)ad circuit. 

(j) Where construction is such that wiring must be dis- 
commcted tot shipmeut, terminal blocks in an accessible 
ench)sure or attachlnent plugs and receptacles shall be pro- 
vided at the sectional points. 

(k) The installati(m of flexihle conduit and cable shall be 
such that liquids will drain away from the fittings. 

(l) Where liquidtight ttexible metal conduit is used tot 
flexible applications, fittings shall be identilied. 

14-4 Wire Connectors and Connections.  

Ca) Pressure connectors shall be used to connect conduc- 
tors to devices with lug-type terminals  that are not 
equipped with saddle straps or equivalent means of retain- 
ing conductor strands. 

Exceplim~ No. 1: Sohh, r co,m, elicm.~ .droll be permdled to be u.sed 
wilhi, the protecti-,,e shell o/a plug or reeeplaeh, aml.fi'n mter, al 
cmme(lio,.~ o/a .suba.~.wmbh' Ihal call be remozJed /i~r bemh servtce 
{~ee .S'eetio, 14-4(h)]. 

F,x(eptio, No. 2." 14qn'-wraH)ed ccmm'etmn.~ .Jmll be permitted to 
be used where enc,mslam'e.~ permit a~M where applied h)' use o[a 
tool spectflcally recomme~Med./br lhe pu~po.~e. 

(13) Soldered connections shall conform to tim tblhnving: 

I. For manua lh  soldered connections, rosin shall be 
used its flux. 

'2. Where printed circuit boards or other component 
assemblies are clip or wave soldered, special fluxes shall be 
permitted to be used following techniques developed spe- 
citicalh tiw these meth<>ds of titbrication. 
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3. All parts shall be p re t inned  betbre  so lder ing  
unless the part  is specifically plated to ensure  a good solder 
joint  (e.g., MS-type connectors having gold-plated contacts). 

4. Each so ldered  connect ion  shall be m a d e  with the 
least a m o u n t  of  so lder  that  will assure  a secure,  h igh-  
conductivi ty connect ion.  

5. Insulat ion shall not  be damaged  by soldering.  

6. C o m p o n e n t s  that may be damaged  by heat  shall 
be suitably shielded ti 'om heat  du r ing  soldering.  

C h a p t e r  15  R a c e w a y s ,  J u n c t i o n  B o x e s ,  

a n d  P u l l  B o x e s  

15-1 G e n e r a l  R e q u i r e m e n t s .  

(a) All sharp  edges ,  flash, burrs, r o u g h  surfaces,  or  
threads  with which the insulation of  the conductors  may 
come in contact  shall be r emoved  from raceways and fit- 
tings. Where  necessary, addi t ional  protect ion consisting of  
a f lame-re tardant ,  oil-resistant insulat ing material  shall be 
p rov ided  to protect  conduc to r  insulation. 

(b) Drain holes of  t/4 in. (6.4 nun) shall be pe rmi t t ed  in 
raceways, junc t ion  boxes, and pull boxes subject to accu- 
mulat ions of  oil or  moisture .  

NOTE: Raceways and junction boxes are provided tbr 
mechanical protection onl,v. See Chapter 17 fin" acceptable 
means of equipme,u grounding. 

15-2 P e r c e n t  F i l l  o f  Raceways .  T h e  c o m b i n e d  cross- 
sectional area of  all conductors  and cables shall not  exceed 
50 percent  of  the in ter ior  cross-sectional area of  the race- 
way. The  fill provisions shall be based on the actual d imen-  
sions of  the conductors  or  cables used. 

15-3 R i g i d  Metal  C o n d u i t  and  Fi t t ings .  

(a) Rigid metal  condui t  and fittings shall be of  galva- 
nized steel, meet ing  the r equ i r emen t s  of  ANSI Standards  
C80.1-1983, Specification for Rigid Steel Conduit, Zinc Coated, 
and ANSI /NEMA FB 1-1983 (Rev. Sept. 1984), Fittin U and 
Supports for Co)Matt and (;able Assemblies, or  of  a corrosion-  
resistant mater ial  suitable f ) r  the condit ions.  Dissimilar 
metals in contact  that would  cause galvanic action shall not 
be used.  C o n d u i t  shall be p r o t e c t e d  against  co r ros ion  
except  at the th readed  joints.  

Exceptzon: Threads at joints shall be permitted to be coated with 
an ide)lt{fied electrically conductive compound. 

(b) Condui t  smaller  than t/e-in, electrical t rade size shall 
not  be used. 

(c) Condu i t  shall be securely held in place and sup- 
por ted  at each end. 

(d) Fittings shall be th readed  unless s tructural  difficul- 
ties p reven t  assembly. Where  threadless fittings must be 
used, condui t  shall be securely fastened 1o the equ ipment .  

(e) Runn ing  threads  shall m)t be used. 

(f) Where  condui t  enters  a box or  ench)sure,  a bushing 
or  f t t i n g  p rov id ing  a smoothly  r o u n d e d  insulat ing smtace  
shall be installed to protect  the conductors  from abrasion,  

unless the design of  the box or  enclosure  is such to afford 
equiva len t  protect ion.  Where  condui t  bushings are  con- 
structed wholly of  insulat ing material ,  a locknut  shall be 
p rov ided  both inside and outs ide the enclosure  to which 
the condui t  is at tached. 

Exception." Where threaded hubs or b0.sses that are an integral 
part of an enclosure provide a smoothly rounded or flared entu./br 
condacto):~. 

(g) Condu i t  bends shall be so made  that the condui t  will 
not  be in jured  and the internal  d i ame te r  of  the condui t  will 
not  be elt'ectively reduced .  T h e  radius of  the curve  of  any 
field bend shall be not  less than shown in Table  15-3(g). 

Table 15-3(g) Minimum Radius of  Conduit Bends 

Size of  Conduit Radius of Bend Done Radius of  Bend Done 
(In.) by Hand (In.) l by Machine (In.) ~ 

t/_, 4 4 
:V4 5 4 i/_, 

1 6 5 v) 
1 V) 8 7 IA 
1 i/, 10 8 Vt 

2 12 91/_ ' 
21/_ , 15 10 ~/_, 

3 18 1 3 
31A , 21 15 

4 24 16 
4'/_, 27 20 

5 30 24 
6 36 30 

For SI tlllllS: (Ra(hus) 1 m. = 25.4 mm. 
NOTE l: For field bends done by hand, the radiu~ is measured m the 
tuner edge ol the bend. 
NOTE 2: For a singlc-opcraUon (onc-',hoO l)cndmg machine designed li)r 
the purpose, the radius is measured to the center hnc ol the conduit. 

(h) A ilJn ()f condui t  shall contain not  more  than the 
equivalent  of  fi)ur qua r t e r  bends (360 degrees ,  total). 

15-4  I n t e r m e d i a t e  Meta l  C o n d u i t .  I n t e r m e d i a t e  metal  
(steel) condui t  shall be permi t t ed  and shall be installed in 
c o n f o r m a n c e  with the  p r o v i s i o n s  o f  Sec t ions  15-3(b) 
througla (h). 

15-5  E l e c t r i c a l  M e t a l l i c  T u b i n g .  Elec t r i ca l  meta l l i c  
(steel) tubing shall be pe rmi t t ed  and shall be installed in 
c o n f o r m a n c e  with the  p r o v i s i o n s  o f  Sec t ions  15-3(b) 
th rough  (h). 

15-6 S c h e d u l e  80  R i g i d  N o n m e t a l l i c  C o n d u i t  

(a) Rigid mmnletal l ic  condui t  Schedule  80 and fittings 
shall be listed. 

(b) Condui t  smaller  than I/_,-in. electrical t rade size shall 
not  be used. 

(c) Condu i t  shall be securely held in place and sup- 
por ted  as follows: 

C o n d u i t  Size (In.) 
Maximum Spacing 

Between Supports (l:t) 

i/_,_ l 3 
1 V~ - 2 5 
2 i/_, _ 3 6 
3 I/-'- 5 7 

6 8 
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In additi(m, conduit shall be securely fastened within 3 fi; 
(914 nun) o f  each box, enclosure, or  other conduit termina- 
tion. 

(d) Expansion fittings shall he installed to compensate 
for tlmrmal expansion and  contraction. (Table 10, Chapter 
9, NEC, 1990 editi(m.) 

(e) Where a conduit  enters a box or other fitting, a 
bushing or adapt()r shall be provided to protect tim wire 
tiom abrasion unless the design of tim box or fitting is such 
its to provide equivalent protection. 

(f) Conduit bends shall be so made that the conduit will 
not be injured and  tile internal diameter of tile conduit will 
not be e[t~ectively reduced. The radius of the cnrve of any 
field bend shall be not less than shown in Table 15-3(g). 

(g) A run o f  c o n d u i t  shall contain not more than the 
equivalent of Ibm" quarter bends (360 degrees, total). 

(h) All joints between lengths i)f conduit, and between 
condu i t  an( l  couplings, fittings, and  boxes, shall be made 
with fittings designed Ira the purpose. 

15-7 Liquidtight Flexible Metal Conduit  and Fittings. 

(a) l.iquidtight flexible metal conduit shall consist o f  an 
oil-resistant, liquidtight jacket o r  lining in coml)ination 
with flexible metal ,eintorcing tubing. 

(b) Fittings shall be of metal and shall be designed for 
use with liquidtight flexible metal conduit. 

(c) l.iquidtight flexible metal conduit smaller than :V~-in. 
electrical trade size shall not be t, sed. 

((t) IJquidtight flexihle metal conduit shall be permitted 
to be of the extra flexible construction. 

(e) Flexible conduit shall be installed in a manne l  that 
liquids will tend to run off the surface instead of draining 
toward the fittings. 

15-8 Liquidtight Flexible Nonmetallic Conduit and Fittings. 

(a) 1.iquidtight flexible nonmetallic conduit is a raceway 
of circuhu cross section of various types: 

1. A smo()th, seamless inner core and cover bonded 
together and having one or more reinforcement layers 
between tile c o r e  and cover. 

2. A smonttmr i,mer surface with integral reinfi)rce- 
ment within tile conduit wall. 

3. A corrugated internal and external snrl~tce with 
or  withot, t integral reintorcement within tile conduit wall. 

This conduit is oil-, water-, and  flame-resistant and, with 
fittings, is approved fin the installation of electrical con- 
ductors. 

(b) Tim conduit shall be resistant to kinking and shall 
have physical characteristics comparable to the jacket of 
nmlticonductor cable. 

(c) The conduit shall be suitable tot use at temperatures 
of 80°C in air and 60°C in the presence of water, oil, or 
coolant. 

I (d) Fittings shall be identified |br their intended use. 

(e) Liquidtigbt flexible nonmetallic conduit smaller than 
:~,-in. trade size shall not be used. 

(t) Flexible conduit shall be installed in such a manner 
that liquids will tend to run otf the stntace instead of drain- 
ing toward the fittings. 

15-9 Flexible Metal (Nonliquidtight) Conduit and Fittings. 

(a) Flexible metal conduit shall consist of flexible metal 
tubing or w()ven wire armor. 

(b) Fittings shall be of metal and shall be designed fbr 
use with flexible metal conduit. 

(c) Flexible metal conduit smaller than :gs-in. electrical 
trade size shall not  be permitted. 

Exceptwn: Thermo(ouple.~ and other sens0r.L 

15-10 Wireways. 

(a) Exterior wireways shall be permitted where rigidly 
supported and clear of all moving or contaminating por- 
tions of the machine. 

(b) Metal thickness shall be not less than No. 14 MSG. 

(c) Covers shall be shaped to overlap the sides; gaskets 
shall be permitted. Covers shall be attached to wireways by 
binges or chains and held closed by means of captive 
screws or other suitable fasteners. On horizontal wireways, 
the cover shall not be o n  the b(/ttom. 

(d) Where wireway is furnished in sections, the joints 
between sections shall fit tightly but need not be gasketed. 

(e) Only openings required l o t  wiring o r  drainage shall 
be provided. Wireways shall not have unused knockouts. 

15-11 Machine Compartments and Raceways. Compart- 
ments or raceways within the cohlmn or base of a machine 
shall be permitted to enclose conductors, provided the 
compartnaent or raceway is isolated fiom coolant and oil 
reservoirs and is entirely enclosed. Conductors run m 
enclosed compartments and raceways shall be secured and 
arranged so tile,,' will not  be sut~ject to physical damage. 

15-12 Junction and Pull  Boxes. Jnnction and pull boxes 
shall not have unused knockout o r  openings and shall be 
constructed to exclude such materials as dust, flyings, oil, 
and  coo lant .  

15-13 Motor Terminal  Boxes.  M o t o r  terlninal  boxes 
shal l  enclose on ly  connec t ions  to t i le  m o t o r  and  m o t o r -  
lllOtlllted devices, s u c h  as  b l a k e s ,  t e m p e r a t L n ' e  s e n s o l s ,  
plugging switches, or tadmmeter  generators. 
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Chapter  16 Motors  and Motor  C o m p a r t m e n t s  

16-1 Access. Each motor and its associated couplings, 
belts, and chains shall be mounted where they are accessi- 
ble for maintenance and not subject to damage. 

16-2 Mounting Arrangement. 
(a) The  motor mounting arrangement  shall be such that 

all motor hold-down bolts can be removed and replaced 
and terminal boxes reached. Unless bearings are perma- 
nently sealed, provision shall be made for lubricating the 
bearings. The  motor nameplate shall indicate where pet'- 
manently sealed bearings are used. 

(b) Sutficient air circulation shall be provided so that the 
motor will not exceed its rated temperature rise at rated 
operating conditions. 

(c) All motor-driven couplings, belts, and chains shall be 
easily replaceable. 

(d) Pulley hubs on belted drives shall not extend beyond 
the end of the motor shaft. 

16-3 Direction Arrow. Where reverse rotation can pro- 
duce an unsafe condit ion,  a direct ion arrow shall be 
installed. The arrow shall be adjacent to the motor and 
plainly visible. 

16-4 Motor Compartments. Motor compartnients shall 
be clean, dry, and adequately vented directly to the exte- 
rior of the machine. There  shall be no opening between 
the motor compamnent  and any other compartment  that 
dues not meet the motor  comparm~ent  re(tuirements.  
Where a conduit or pipe is run into the motor compart- 
ment from another compartment  not meeting the motor 
compartment  requirements,  any clearance around the con- 
duit or pipe-shall be sealed. 

16-5 Marking on Motors. Motors shall be marked in 
accordance with Section 430-7 of NFPA 70, National Electri- 
cal Code, 1990 edition. 

Chapter  17 G r o u n d e d  Circuits  and 
E q u i p m e n t  G r o u n d i n g  

17-1 Geneeal. This chapter applies to grounded circuits 
and the protective or gronnding circuit of the equipment. 
The grounding circuit consists t)f conductors, structural 
parts of the electrical equipment  and machine, or both, 
that are all electrically connected or bonded together at a 
common point. 

17-2 Grounding Conductors. 
(a) Conductors used tor grounding and bonding pur- 

poses shall be copper. Stipulations on stranding and flex- 
ing as outlined in this standard shall apply. [See Section 13-3 
and 14-3(f).]. 

(b) Grounding conductors shall be insulated, covered, 
or bare and shall be protected against physical damage. 
Insulated or covered grounding conductors shall be iden- 
tified with a continuous green cohn- with or without one or 
more vellow stripes. 

I Exception: It shall be permitted to use other color conductors 
provided the insulation or cover is appropriately identified at all 
points of access. 

(c) The  mininmm size of the grounding conductor shall 
be as shown in Table 17-2(c). Colunm "A" indicates maxi- 
mum rating or setting of the overcurrent  device in the cir- 
cuit ahead of the equipment.  

Table 17-2(c) Size of Grounding Conductors 

Column "A", Amperes Copper Conductor Size, AWG 
10 16" or 18" 
15 14, 16", or 18" 
20 12, 14", 16", or 18" 
30 10 
40 10 
6t) 10 

100 8 
200 6 
300 4 
400 3 
5OO 2 
600 I 
800 1) 

1000 2/0 
1200 3/0 
160o 4/0 

*l'ermlttcd only in nmhicm~ducu)r cable where connected to portable m+ 
pendant equipment. 

(d) It is permissible to use machine members or struc- 
tural parts of the electrical equipment  in the grounding 
circuit provided that the cross-sectional area of these parts 
is at least electrically equivalent to the minimum cross- 
sectional area of the copper conductor required. 

17-3 Equipment  Grounding.  T h e  mach ine  and all 
exposed, noncurrent-carrying conductive parts, material, 
and equipment,  including metal mounting panels that are 
likely to become energized and are mounted in nonmetal- 
lic enclosures, shall be effectively grounded.  

17-4 Exclusion of Switching Devices. The grounding  
circuit shall not contain any switches or overcurrent  pro- 
tective devices. Links or plugs in the grounding circuit 
shall be permitted if properly labeled or interlocked with 
the control circuits. 

17-5 Grounding Terminal. The entire grounding circuit 
or network shall be interconnected such that a single point 
fin an external connection will be conductively connected 
to all grounded parts. A terminal suitable fbr connecting 
an external grounding conductor shall be provided at this 
point. 

Exception: Where an attachme~t plug and receptacle are used as 
the di.~connechng means, Section 5-1 l(j) shall apply. 

17-6 Continuity of  the Grounding Circuit. 
(a) ]-be continuity of  the g rounding  circuit shall be 

ensured by effective connections through conductors or 
suuctural members. 

(b) Bonding of equipment  with bnhs or other identified 
means  shall be pe rmi t t ed  where  paint  and dir t  are 
removed t iom the joint  surt~tces or etfectively penetrated. 
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(c) Moving machine parts,  o ther  than accessories or 
attachments, having metal-to-metal bearing surfaces shall 
be considered as bonded.  Sliding parts separated by a non- 
conductive fluid under  pressure shall not be considered as 
bonded. 

(d) Portable, pendant ,  and resilient mounted equipment  
shall be bonded by separate conductors. Where multicon- 
ductor  cable is used,  the bond ing  conduc to r  shall be 
included as one conductor  of the cable. 

(e) Raceways, wireways, and cable trays shall not be used 
as grounding or bonding conductors. 

(t) When a par t  is r emoved ,  the cont inui ty  of  the 
.grounding circuit fi)r the remaining parts shall remain 
mtact. 

17-7 Control Circuits. Control circuits shall be permit-  
ted to be g rounded  or ungrounded.  Where grounding  is 
provided, that side of the circuit common to the coils shall 
be g rounded  at the control transt~brmer if al ternating cur- 
rent or at the power supply terminal if direct current.  For 
color coding of  conductors see Section 14-1 (a). 

Exceptiott No. 1: Exposed co~ttrol circuits as permitted by Section 
7-2(a), Exceptio, No. 2, shall be grmmded. 

Excephon No. 2: Overload relay contacts shall be permitted to be 
com~ected between the coil and the grounded conductor where the 
conductors between such contacts a~M coils of mag~etic devices do 
not extend hevo~M the control enclosure. 

17-8 Lighting Circuits. 

(a) One conductor  of all machine lighting and mainte- 
nance lighting circuits shall be grounded.  The grounded  
conductor(s) shall be identified with a white or natural gray 
insulation. 

(b) Where the lighting circuit is supplied by a separate 
isolation t ransformer,  the g round ing  shall occur at the 
transformer. Where the equipment  maintenance lighting 
circuit is supplied directly fi-om the plant lighting circuit, 
the g rounding  shall occur at the grounding  terminal. 

(c) The g rounded  conductor,  where run to a screw-shell 
lampholder ,  shall be connected to the screw-shell. 

Chapter 18 Electronic Equipment  

18-1 General .  This chapter  applies to all types of elec- 
tronic eqt, ipment  including programmable  electronic sys- 
tems, subassemblies, pr inted circuit boards, electronic com- 
ponents, and other  miscelhmeous solid state equipment.  

18-2 Basic Requirements. 

(a) The  provisions of Chap te r  3 apply  to electronic 
equipnlent. 

(b) Subassemblies shall be readily removable for inspec- 
tion or replacement.  

(c) Trans ient  suppression and isolation shall be pro- 
vided where this equipment  generates transient or electri- 
cal noise that can affect the operat ion of the equipment.  

(d) Power supplies for electronic units that require 
memory retention shall have battery back-up of suilicient 
capacity to prevent memory loss tbr a period of at least 72 hr. 

(e) Loss of memory contents shall prohibit  the initiation 
of any hazardous conditions whose operat ion is dependent  
on memory contents. 

If) Outputs  controlled by programmable  electronic sys- 
tems shall be protected fi'om overh)ad and short circuit 
conditions (see Section 18-3(t:).[br grmoMmg requireme,ts). 

18-3 Programmable Electronic Systems. 

(a) Programmable electronic systems shall be designed 
and constructed so that the ability to modify the applica- 
tion program shall be limited to authorized personnel and 
shall require special equipment  or other means to access 
the program (e.g., access code, key operated switch). 

Exception: For reasons of safety, the mamCaeturer or .suppher 
shall be permitted to retain the right not to allow the user to alter 
the program. 

(b) All input /output  racks (remote or local), processor 
racks, and power supplies shall be electrically bonded 
together and connected to the grounding circuit (set' Section 
17-2) in accordance with the manufacturer 's  specitications. 
Where specified by the manufacturer ,  components  and 
subassemblies shall be effectively bonded to the grounding 
circuit in accordance with the manuf:acttner's recommen- 
dations. 

Chapter 19 Referenced Publications 

19-1 The fbllowing doctnnents or portions thereof  are 
rel~erenced within this s tandard and shall be considered 
part  of the requirenmnts of this document.  The edition 
indicated for each reference is the current  edition as of the 
date of the NFPA issuance of this document.  

19-2 NFPA Publication. National Fire Protection Associ- 
ation, 1 Batterymarcb Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

N FPA 70, Natimml Electrual (;ode, 1990 edition 

19-3 ANSI Publications. American National Standards 
Institute, Inc., 1430 Broadway, New York, NY 10018. 

ANSI (:8/)-1-1983, Spec!/uatton ,/br Rigid Steel Conduit, 
Zinc Coated 

ANSI C84.1-1982, Voltage Ratings./br Eleetrical Power Sys- 
tem,s a~M Equ@ment (60 Hz) 

ANSI Y32.2 1982, Graphical ,SvmboLL[br Electrical a~M Elec- 
h'onic.~ Diagrams 

19-4 NEMA Publication. National Electrical Manufac- 
turers Association, 1201 L Street NW, Washington, DC 
20037. 

NEMA FB 1-1983 (Rev. Sept. 1984), Fittings a,d Supports 
./m CmMuit and Cable As.~emhhe.s 
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Appendix A Glossary of Terms 

Thi.~ Appendix is not a part of the ~vquirements of tht.~ NFPA docu- 
ment. but I.~ mcluded fi~r ~{[ormation proposes only. 

Accessible (As Applied to Equipment). Admit t ing  
close approach: not guarded by locked doors, elevation, or 
other effective means. (NFPA 70, National Electrical Code, 
1990 edition.) 

Accessible, Readily (Readily Accessible). Capable of 
being reached quickly tbr operation, renewal, or inspec- 
tions, without requiring those to whom ready access is req- 
uisite to climb over or remove obstacles or to resort to por- 
table ladders, chairs, etc. (See "Accessible.") (NFPA 70, 
NaOonal Electrical (;ode, 1990 edition.) 

Actuator (Machine). A power mechanism used to effect 
motion. 

Adjustable Speed Drives. An electrical device or group 
of electrical devices that ahers the drive motor output  
speed ()vex- a range in a controlled manner.  This includes 
ac and dc voltage modes and fiequency mode controls. 
Belt, chain, or roller shifting controllers are not included. 

Alphanumeric. Pertaining to a character set that con- 
tains both letters and digits, but usually some other charac- 
ters such as punctuation marks. (ANSI/IEEE Standard No. 
100-88.) 

Ampacity. The current in amperes a conductor can 
carry continuously under  the conditions of use without 
exceeding its temperature rating. (NFPA 70, Natio~ml Elec- 
trical Code, 1990 edition.) 

Attachment Plug (Plug Cap) (Cap). A device that, by 
insertion in a receptacle, establishes connection between 
the conductors of the attached flexible cord and the con- 
ductors connected permanently to the receptacle. (NFPA 
70, National Electrical Code, 1990 edition.) 

Bonding. The permanent  joining of metallic parts to 
form an electrically conductive path that will assure electri- 
cal continuity and the capacity to conduct safely any cur- 
rent likely to be imposed. (NFPA 70, National Electrical 
Code, 1990 edition.) 

Branch Circuit. The circuit conductors between the 
final overcurrent device protecting the circuit and the out- 
let(s). (NFPA 70, Natio~ml Electrical Code, 1990 edition.) 

Circuit Breaker. A device designed to open and close a 
circuit by nonautomatic means and to open the circuit 
automatically on a predetermined overcurrent  without 
injury to itself when properly applied within its rating. 
(NFPA 70, National Electrical Code, 1990 edition.) 

Circuit Interrupter. A nonautomatic operated device 
designed to open (under abnormal conditions) a current- 
carrying circuit without ix~jury to itself. 

Conduit. 

Rigid Metal Co,Mutt. A raceway specially constructed for 
the purpose of the pulling in or the withdrawing of wires 
or cables after the conduit is in place and made of metal pipe 
of standard weight and thickness permitting the cutting of 
standard threads. (ANSI/IEEE Standard No. 100-1984.) 

lntennediate Metal Conduit. A metal raceway of circular 
cross section with integral or associated couplings, connec- 
tors, and fittings approved tot the installation of electrical 
conductors. (NFt'A 70, Natmnal Electrical Code, 1990 edition.) 

Rigid Nonmetallic Conduit. A type of conduit and fittings 
ofsuitable nonmetallic material that is resistant to moisture 
and chemical atmospheres, flame retardant, resistant to 
impact and crushing, and resistant to distortion from heat 
or low temperatures under  conditions likely to be encoun- 
tered in service. (NFPA 70, Natimml Electrical Code, 1990 
edition.) 

Control Circuit. The circuit of a control apparatus or 
system that carries the electric signals directing the pertor- 
mance of tile controller but does not carry the main power 
current. (NFPA 70, Natiomd Electrical Code, 1990 edition.) 

Control Circuit Transformer. A wlltage transformer 
utilized to supply a voltage suitable fi)r the operation of 
control devices. (ANSI/I EEE Standard No. 100-1984.) 

Control Circuit Voltage. The voltage provided tot the 
operation of shunt coil magnetic devices. 

Control Compartment. A space within the base. franle, 
or colunm of tim machine used for mount ing the control 
panel. (ANSI/IEEE Standard No. 100-1984.) 

Control Enclosure. The housing for the control panel, 
whether mounted on the machine or separately mounted. 

I Controlled Stop. The stopping of machine motion by 
reducing the command signal to zero (0) but retaining 
power to tile machine actuators during the stopping process. 

Controller. A device or group of devices that serves to 
govern,  in some p rede t e rmined  manne r ,  the electric 
power delivered to the apparatus to which it is connected. 
Fox" the purpose of this standard, a controller is an)' switch 
or device normally used to start and stop a motor by mak- 
ing and breaking the motor circuit current. NFPA 70, 
National Electrical Code, 1990 edition.) 

Device. A unit of an electrical system that is intended 
to carry but not utilize electric energy. (NFPA 70, National 
Electrical Code, 1990 edition.) 

Disconnecting Means. A device, ol- group of devices, 
or other ineans by which tile conductors of a circuit can be 
discolmected fi'om their source of supply. (NFPA 70, 
Natiomd Electrical Code, 1990 edition.) 

Dry Location. A location not normal ly  subject to 
dampness o1 wemess. A location classified as dry may be 
temporarily subject to dampness o1 wetness, as in the case 
of a building under  construction. (NFPA 70, Natio~ml Elec- 
hical Code, 1990 edition.) 
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Dwel l ing  Uni t .  One  or  m o r e  rooms  for the use of  one  
or  more  persons as a housekeep ing  unit with space for eat- 
ing, living, and sleeping,  and p e r m a n e n t  provisions fin, 
cooking and sanitation. (NFPA 70, National Electrical Code, 
1990 edit ion.)  

Electric Controller. A device or  g roup  of  devices that 
serves to govern ,  in some p r e d e t e r m i n e d  manner ,  the elec- 
tric power  del ivered  to the appara tus  to which it is con- 
nected. (ANSI / IEEE Standard  No. 100-1984.) 

Electromechanical. Appl ied  to any device  in which 
electrical energy  is used to magnetical ly cause mechanical  
n l  o r e  n l  e n t.  

Electronic Control. T h a t  part  of  the electrical equip-  
ment  conta in ing  circuitry whereby conduct ion  of  electrons 
takes place t h rough  a vacuum,  gas, or  semiconduc to r  sub- 
stance. 

Equipment. lnchtdes  material ,  fittings, devices, appli- 
ances, fixtures, apparatus ,  and the like used as a part  of, or  
in connect ion  with, an electrical installation. (NFPA 70, 
National Electrical ('ode, 1990 edit ion.)  

Exposed (As Applied to Live Parts). Capable  of  being 
inadver tent ly  touched  or  app roached  neare r  than a salie 
distance by a person.  It is appl ied  to parts not  suitably 
guarded ,  isolated, or  insulated. (NFPA 7(1, National Electri- 
cal (;ode, 1990 edition.) 

Feeder. All c i rcui t  c o n d u c t o r s  be tween  the service 
e q u i p m e n t  or  the source of  a separately der ived  system 
and the final branch-circui t  o v e r c u r r e n t  device. (NFPA 70, 
National Electrical (;ode. 1990 edit ion.)  

Flame Retardant. So cons t ruc ted  or  t rea ted that it will 
not suppor t  or  convey flame. (ANSI / IEEE Standard  No. 
100-1984.) 

Grounded. Connec ted  to ear th  or  to some conduc t ing  
body that serves in place of  the earth.  (NFPA 70, Natiomd 
Electrical Code, 1990 edition.) 

Grounded Conductor. A system or circuit conduc to r  
that is intent ional ly g rounded .  (NFPA 70, National Electrical 
Code, 1990 edition.) 

Grounding Conductor. A conduc to r  used to connec t  
equ ipmen t  or  the g r o u n d e d  circuit  of  a wiring system to a 
g r o u n d i n g  e lec t rode  o r  e lec t rodes .  (NFPA 70, Nahonal 
Electrical Code, 1990 edition.) 

Grounding Conductor, Equipment. T h e  c o n d u c t o r  
used to connec t  the noncturent-carrying metal parts of  
equ ipment ,  raceways, and o the r  enclosures  to tim system 
g r o u n d e d  conductor ,  the g r o u n d i n g  e lec t rode  conductor ,  
or  both, at the service e q u i p m e n t  or  at the source of  a sep- 
arately der ived  system. (NFPA 70, Nahmml Electrical Code, 
1990 edition.) 

Grounding Electrode Conductor. T h e  conduc to r  used 
to connec t  the g r o u n d i n g  e l ec t rode  to the e q u i p m e n t  
g r o u n d i n g  conductor ,  to the g r o u n d e d  conductor ,  or  both,  
of  the circuit  at tim service e q u i p m e n t  or  at the source of  a 
separately der ived  system. (NFPA 70, National Electrical 
Code, 1990 edit ion.)  

Identified (As Applied to Equipment). Recognizable  as 
suitable for the specific purpose ,  function,  use, envi ron-  
ment ,  appl icat ion,  etc., where  descr ibed in a par t icu lar  
code requ i rement .  (See "Equipment.") 

NOTE: Suitability of equipment for a specific purpose, 
environment, or application may be determined by a quali- 
fied testing laboratory, inspection agency, or other organi- 
zation concerned with product evaluation. Such identifica- 
tinn may include labeling or listing. (NFPA 70, Nahonal 
Electrical (;ode, 1990 edition.) 

In Sight From, Within Sight From, Within Sight. Where  
this s tandard  specifies that  one  e q u i p m e n t  shall be "in sight 
fl'om," "within sight from," or  "within sight," etc., of  another  
equipment ,  one of  the equipments  specified is to be visible 
and not  more  than 50 ft (15.24 m) distant f rom the other.  
(NFPA 70, National Electrical Code, 1990 edition.) 

Inrush Current (Solenoid). T h e  inrush cu r ren t  of  a 
solenoid is the steady-state cu r r en t  taken from the line at 
rated voltage and f i equency  with the p lunger  blocked in 
the rated m a x i m u m  open  position. 

Interconnected Conductors. Refers to those connec-  
tions be tween  subassemblies,  panels, chassis, and remote ly  
moun ted  devices and does not  necessarily apply to internal  
connect ions  of  these units. 

Intermittent Duty. Opera t ion  for a l ternate  intervals of  
(1) load and no load; or  (2) load and rest; or  (3) load, no 
load, and rest. (NFPA 70, National Electrical Code, 1990 edi- 
tion.) 

Interrupting Capacity. I n t e r r u p t i n g  capaci ty is the 
highest  cur ren t  at rated voltage that the device can inter- 
rupt .  

Jogging (Inching). T h e  quickly r epea ted  closure of  the 
circuit to start a moto r  from rest for the purpose  of  accom- 
plishing small movemen t s  of  the dr iven  machine.  (ANSI/ 
IEEE Standard  No. 100-1984.) 

Locked-Rotor Current. T h e  steady-state cu r ren t  taken 
f rom the line with the ro tor  locked and with rated voltage 
(and rated f requency in the case of  a l t e rna t ing -cu r ren t  
motors)  appl ied to the motor .  (ANSI / IEEE Standard  No. 
100-1984.) 

Moisture Resistant. So cons t ruc t ed  or  t r ea ted  that  
exposure  to a moist a tmosphe re  will not  readily cause dam-  
age. (ANSI / IEEE Standard  No. 100-1984.) 

Motor-Circuit Switch. A switch in tended  tot  use in a 
motor  branch circuit. 

NOTE: It is rated in horsepower, and it is capable of 
interrupting the maximum operating overh)ad current of a 
motor of the same rating at the rated voltage. (ANS1/IEEE 
Standard No. 100-1984.) 

Operating Overload. T h e  o v e r c u r r e n t  to which elec- 
tric appara tus  is subjected d u r i n g  the normal  opera t ing  
condi t ions  that it may encounte r .  

NOTE 1: The maximum operating overload is considered 
to be six times mwmal thll-load current for alternating cur- 
rent industrial motors and control apparatus; [bur times 
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79-34  INDUSTRIAL MACHINERY 

normal full-lnad current  for direct-current  industrial 
motors and control apparatus used for reduced-w)ltage 
starting; and ten times normal full-h)ad current for direct- 
current industrial motors and control apparatus used fi)r 
full-voltage starting. 

NOTE 2: It should be tmderstond that these overh)ads are 
currents that ,nay persist for a very short time only, usually 
a maner of seconds. (ANSI/IEEE Standard No. 100-1984.) 

Overcurrent. Any cu r r en t  in excess of  the rated cur- 
rent  o f  the e q u i p m e n t  or  the rated ampaci ty  of  the conduc-  
tor. It may result  f rom over load ,  short  circuit, or  g r o u n d  
fault. (NFPA 70, National Electrical Code, 1990 edit ion.)  

Overload. Opera t ion  of  e q u i p m e n t  in excess of  nor-  
real, full-load rating, or  of  a conduc to r  in excess of  rated 
ampacity that, when it persists fi)r a sufficient length o f  
time, would  cause damage  or  dange rous  overhea t ing .  A 
fault, such as a short  circuit  or  a g r o u n d  fault, is not  an 
over load.  (See "Overcurrent.") (NFPA 70, National Electrical 
Code, 1990 edition.) 

Panel .  An e l emen t  o f  an electric contro l ler  consist ing 
of  a slab or  plate on which var ious c o m p o n e n t  parts of  the 
cont ro l le r  are m o u n t e d  and wired.  (ANS1/IEEE Standard  
No. 100-1984.) 

Power Wiring. T h e  circnit  used tot  supplying power  
f rom the supply ne twork  to e q u i p m e n t  or  c o m p o n e n t s  
used for the product ive  operat ion.  

NOTE: A motor is one example of equipment or compo- 
nent used tor prodt, ctive operation. 

Precision Device. A device  that  will ope ra t e  within 
prescr ibed limits and will consistently repea t  opera t ions  
within those limits. 

Programmable Electronic System (PES). A system 
based on one  or  more  central  process ing units (CPUs), 
connec ted  to sensors or  actuators,  or  both,  f in the purpose  
of  control  or  moni tor ing .  

NOTE: "l'he term PES includes all elements in the system 
extending fi'om sensors to other input devices via data 
highways or other communication paths to the actuators o r  

other output devices. 

Qualified Person. One  familiar with the const ruct ion 
and opera t ion  of  the e q u i p m e n t  and the hazards involved. 
(NFPA 70, National Electrical (;ode, 1990 edition.) 

Raceway. An enclosed channel  des igned expressly tot  
hold ing  wires, cables, or  busbars, with addit ional  functions 
as permi t ted  in this s tandard.  

NOTE: Raceways may be of metal or illsulating material, 
and the term includes rigid metal conduit, rigid nonmetal- 
lic conduit, intermediate metal conduit, liquidtight flexible 
metal conduit, liquidtight flexible nonmetallic conduit, flex- 
ible metallic tubiqg, flexible lnetal conduit, electrical non- 
metallic tubing, elecn'ical metallic tubing, underfloor race- 
ways, celhdar concrete floor raceways, cellular metal floor 
raceways, surlace raceways, wireways, and buswavs. (NFPA 
70, National Elechtcal ('ode, 1990 edition.) 

Receptacle. A contact  device installed at the out let  for 
the connect ion  of  a single a t t achment  plug. (NFPA 70, 
National Electrical Code, 1990 edition.) 

Relay. An electric c o m p o n e n t  des igned  to i n t e rp re t  
input  condi t ions  in a prescr ibed m a n n e r  and,  after speci- 
fied condi t ions  are  met,  to r e spond  to cause contact  oper -  
ation or  similar ab rup t  change  in associated electric control  
circuits. 

NOTE 1: Inputs are usually elecn'ic but may be mechani- 
cal, thermal, or other types. Limit switches and similar 
devices are not relays. 

NOTE 2: A relay consists of several units, each responsive 
to specified inputs, the combination providing the desired 
pertormance characteristic. 

Short-Time Rating.  T h e  rat ing def in ing  the load that 
can be carr ied  tor a short  and definitely specified time, 
with the machine,  appara tus ,  or  device being at approxi -  
mately r o o m  t e m p e r a t u r e  at the t ime the load is applied.  

Splashproof (Industrial Control). So const ruc ted  and 
pro tec ted  that  external  splashing will not  interfiere with 
successful operat ion,  (ANSI/I EEE Standard  No. 100-1984.) 

Static Device. A device that  has no moving  parts, as 
a s s o c i a t e d  w i t h  e l e c t r o n i c  a n d  o t h e r  c o n t r o l  o r  
in tb rmat ion-hand l ing  circuits. 

Subpanel. An assembly of  electrical devices connec ted  
toge ther  that  fi)rms a simple functional  unit  in itself. 

T i g h t  (Suffix). St) cons t ruc ted  that the specified mate-  
rial is exc luded  u n d e r  specified condit ions.  (ANSI / IEEE 
Standard  No. 100-1984.) 

Undervoltage Protection. T h e  eitiect of  a device that 
opera tes  on the reduct ion  or  faihu'e of  voltage to cause and 
maintain the in te r rup t ion  of  power.  

NOTE: The principal objective of this device is t o  prevent 
automatic restarting of the equipment. Standard underwflt- 
age or Iow-wdtage protection devices are not designed to 
become ett;ective at any specific degree of w)hage reduction. 

Ventilated. Provided with a means  to permi t  circula- 
tion of  air sufficient to r e m o v e  excess heat,  fumes,  or  
vapors.  (NFPA 70, Natimml Electrical Code, 1990 edition.) 

Wet Location. Installat ions u n d e r g r o u n d  or  in con- 
crete slabs or  masom-y in direct contact  with the earth,  and 
locations subject to saturat ion with water  or  o ther  liquids, 
such as vehicle washing areas, and locations exposed  to 
weather  and unpro tec ted .  (NFPA 70, National Electrical 
Code, 1990 edition.) 

Wireway. A sheet-metal  t rough  with h inged  or  remov-  
able covers fbr hous ing  and pro tec t ing  electric wires and 
cable and in which conductors  are  laid in place al ter  the 
wireway has been installed as a comple te  system. (NFPA 
70, National Electrical Code, 1990 edition.) 
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APPENDIX B/APPENDIX C 79-35 

Appendix  B Examples  of  Industrial Machinery 
Covered by NFPA 79 

This" Appen&x is not a part of the requirements of this NFPA docu- 
ment, but is included for infor~nation purposes only. 

B-I Machine Tools 

1. Metal Cutting 

2. Metal Forming 

B-2 Plastics Machinery 

1. Injection Molding Machines 

2. Extrusion Machinery 

3. Blow Molding Machines 

4. Specialized Processing Machines 

5. Thermoset Molding Machines 

6. Size Reduction Equipment 

B-3 Wood Machinery 

1. Woodworking Machinery 

2. Laminating Machinery 

3. Sawmill Machines 

B-4 Assembly Machines 

B-5 Material Handling Machines 

1. Industrial Robots 

2. Transfer Machines 

B-6 Inspection/Testing Machines 

1. Coordinate Measuring Machines 

2. In-Process Gaging Machines 

Appendix  C Graphical Symbols  

This Appendix ts not a part of the requirements of this NFPA docu- 
ment, but zs included for ~nformation purposes on&. 

C-1 Warning Sign on Enclosures 
(Based on 417-IEC-5036) 

C-2 Equipment Grounding Terminal 
(417-I EC-5019) 

C-3 Grounded Terminal 
(417-1EC-5017) 

O 
L 

m 

m 

C-4 Start or On 
(417-IEC-5007) 

C-5 Stop or Off 
(417-I EC-5008) 

C-6 Alternatively Act as Start 
and Stop or On and Off 

(417-1EC-5010) 

C-7 Movement When Pressed 
and Stop Movement When 
Released (Jogging) 

(417-IEC-5011) 
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Appendix D Sample Electrical Diagrams 

This Appendix is not a part of the requirements of this NFPA document, but is included for informatmn purposes only. 

460 V 

6 0 ~  

L, L 8  AMP 
--I 4 FU 

Ep 1PB 
/ MASTER STOP 

2 

4 
3 

3PB 
4 SPINDLE STOP 9 

4 ~ - 

o [ 
1CR 

~ - - - - - 4 1  

1PS 

9 | P  

10 

11 

ELEMENTARY (SCHEMATIC) D IAGRAM 
DISC 

~ I FU 
L1 ~ I'~o-..--U.__L~ 

! 

2 F U  
L 20------~ i ~>--,---(J.__~ 

I 

L3 ~ ' - - " ' ~ - - ~  
40 AMP 

IL l  

IL2 

IL3 

1M 10L IT1 

PUMP MOTOR 
5HP 

~ COO LANT 
PUMP MOTOR 
1/4 HP 

2M 20L 2T1 

~ SPINDLE MOTOR 
15HP 

2PB 
MOTORS START 

3 - - J - -  

L o O2M 

s I~ 

ILl / 

T 

10L 20L 30L 
4 5 6 7 ~ 

I $ 

I J 
SPINDLE START 

• ~"-L"-4 PB I 
:) ¢ 

1CR 

tl 

:) 1LS 11 

SPINDLE DIRECTION 
LEVER ENGAGED 

12 

13 SET FOR 3 S E C ~ ~  

SPINDLE SPEED 14 
DEC, I 2 NC 

15 3'11Ss 16 

] I " 1 ~ - I (SPRING CENTERED) [ I ~ I 

L ~  O I 17 O ' ~ O L _  2 

f t Y D R A U L I C  & COOLANT 
PUMP MOTOR 
STARTER 2 

SPINDLE MOTOR 
STARTER 2 

SPINDLE START 
5,5,9 

ENGAGESSPINDLE 
CLUTCH 

D E L A Y S E N G A G E M E N T  
OF FEED CLUTCH 8 

ENGAGESFEED 
CLUTCH 

INCREASE SPINDLE 
SPEED 

DECREASE SPINDLE 
SPEED 

4 

This sample diagram is based on an electromechanical relay logic system. The present state of the art utilizes programmable logic ladder diagrams or computer-generated logic ladder 
diagrams• 

Figure D-I. 
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AP['EN I ) IX  1) 7 9 - 3 7  

PANELS AND CONTROL STATION LAYOUT 

I M  
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DISC 
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i 112" SQ 
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2 
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MAIN CONTROL PANEL 

I T -'T-- 
ITZ I0 

:E; ,T~ ~ ,-T- 

~ 1 ~  ~ ,z ZT~ "- '__.L 
i,-- 2 T___L ,~- I~ 14 
--  3 T I  i5 

3T~ : - ~  > 
18 

Z ZO 
z > z.__Lz 

4 m 

MASTER TERMINAL BOX PANEL 

~MT SYM 

PART NO. XYIO0 

DES. BY DET. BY 
J.I.C W.T. 

CHECKED SAFETY 
BY R S. OK P.N. 

~OATE SCALE 
8-Z-66 

[ (~) IISP'ND~ El 

I II I 

I LT 

CONTROL STATION 

DESCRIPTION 
SHEET SHEETS DWG No. Purchoser's 

2 d.. 9 No 
TITLE 

SAMPLE ELECTRICAL DIAGRAMS 

PLANT 
XYZ MACHINE CO. 

DIVISION 

F i g u r e  D-2 .  

1991 Edlbon 



79-38 INDUS]'RIAL MACHINERY 

I0  

II 

13 

14 

15 

16 

17 

S A M P L E  E L E C T R I C A L  D I A G R A M S  

4 2PS 18 

~ - ° " ~  ACTUATE D BY 
L J  LUBE PRESSURE 

It- 2 T R 2  11 
3 I I 

ooc  
tFS 20  

~ UBE OIL 
L E V E L  

2 
I 

SET FOR IO MIN l 

r ZTR . . . . . . .  ] I 
I ~ CLUTC H ~  LUBRICATION 

INTERVAL TIMER 
I 2 T R I  " I I I 13 15 16 

i I 
L 212 

19 
r . . . . . .  --I V 
, 2~{R3 2 I 2 ,  S E T F O R 4 $ ~ C ~  

I loco ° , 

SEQUENCE OF OPERATION 

A. Machine Qperation: press "MOTORS START"  pushbutton " 7 P B "  Motors Start. 
B Select spindle speed by turning selector switch " ISS" to " INC" ,  energizing "3 SOL", to increase 

or to "DEC" ,  energizing "4 SOL",  to decrease setting. 
C. With correct spindle direction selected, limit switch "1LS"  is actuated. Press "SPINDLE S T A R T "  

pushbutton "4PB"  energizing relay " I C R "  which energizes "1 SOL". Spindle starts and pressure 
switch " I P S "  is actuated " IPS'"  energizes " 1 T R "  and after a time delay "2 SOL" is energized 
permitting movement of machine elements at selected feed rates. 

D Pressing "SPINDLE STOP" pushbutton "3PB" stops spindle and feeds movements simultaneously. 
E. Lubrication Operation: 
F. Pressure Switch "2PS" Is Closed. 

1. Timer " 2 T R "  clutch is energized wheh motors start. 
2. Contact " 2 T R - I "  closes and energizes timer motor " M T R "  starting lube timing period. 
3. Contact "2TR-3" '  closes and energizes timer "3TR" .  

G Timer "2TR'"  Times Out. 
1. Contact " 2 T R - I "  opens, deenergizing timer motor " 'MTR".  
2 Contact "2TR-2"  closes, energizing "5 SOL" 
3. Contact "'2TR-3"' opens, deenergizing timer "3TR" .  
4. Lubrication pressure actuates pressure switch "2PS",  de-energizing and resetting timer 

"2TR" .  Contacts "2TR-1 "', 2TR-2"  and " 2 T R - 3 "  open. 
5. Contact "2TR-2"  opening, deenergizes "5  SOL". 

H. Reduced lubrication pressure deactuates pressure switch "2PS" and sequence repeats. 

LURE SOLENOID 

DELAYS LUBE 
FAILURE INDICATION 
17 

LUBE FAILURE 

SWITCH OPERATION 
1 LS (4) Actuated by spindle dwection lever engaged 
1PS ( 11 ) Operated when spindle clutch engaged 
2PS (13) Operated by normal lube pressure 
I FS (16) Operated by adequate lube supply 
For panels and control station layout see Sheet 2 
For hydraulic diagram see 
For lubrication diagram see 
Last wire number used 22 
Last relay number used 1CR 

Supplier's dwg. no. _ _  
Supplier's name 

Purchase order no P.O. 91011 

Serial no .o f  machine TYP 121314 

These diagrams used for machine no. 
AMTI SYM 
PART. NO XY 1OO 

DES BY DET BY 
JJ  C W.T 

CHECKED SAFETY 
BY R.S. O1< PN. 

DATE SCALE 
8 - 2 -  66 

~ '~"  c ~  ~ ~ o G  ~-~" _ 

.oc t~ o~ 

DESCRIPTION 
j S~EET I S H E T S  t DwG No O-~lPUtch°set~JNo 

SAMPLE ELECTRICAl DIAGRAMS 

PLANT 
DIVISION ](YZ MACHINE CO. 

Figure D-3. 
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SEQUENCE 0F 0PERATIONS 

i WITH MASTER DISCONNECT ON AND SAFETY GUARDS IN PLACE, OPERATOR PRESSES THE MASTER 
START BUTTON TO ENERGIZE CRM (MASTER RELAY) OPERATOR THEN PUSHES III04PB (HYD MTR START) 
ENERGIZING Ol213M AND THE HYDRAULIC PUMP 

2 OPERATOR SELECTS MANUAL OPERATION BY PRESSING THE "MANUAL' PUSHBUTTON 

3 BY PRESSING BOTH ]HE DUAL CONTROL COMMON PALM BUTTON AND mE APPROPRIAELY MARKED PUSHBUTTON 
THE OPERATOP MAT ADVANCE THE SLIDE, RETURN THE SLIDE, UNCLAMP DR POSITION THE SLIDE FOR TOOL 
CHANGE THE OPERATOR UNCLAMPS THE PART 

4 OPERATOR SELECTS AUTO MODE BY PRESSING FIRST THE RESET PUSHBUTTON [HEN PRESSING THE 
PUSHBUTTON MARKED "AUTO" 

5 OPERATOR LOADS A PART THEN PRESSES BOTH PALM BUTTONS ~DUAL CONTROL AND CLAMP/CYCLD, 
ENERGIZING 0£202 OUTPUT AND CLAMPING THE PART 

6 OPERATOR RELEASES BOTH BUTTONS THEN PRESSES THEM AGAIN, ENERGIZING 02007 TO START THE CYCLE 

] 01211M ENERGIZES, STAR~NO THE SPINDLE, 01204 HB OUTPUT RELEASES ADVANCING THE SLIDE 

8 WITH SLIDE FULL~ ADVANCED, IIO04LS IS ACTUATED, ENERGIZING o30 TIMER, OPERATOR MAY NOW 
RELEASE THE BUTTONS 03OTR TIMES BUT 01204 IS DE ENERGIZED, AND O1205HA ENERGIZES, RETURNING 
THE SLIDE UNTIL 11003L2 IS ACTUATED, DE-ENERGIZING 01205 

9 01203 ENERGIZES, PART IS UNCLAMPED 

10 CYCLE REPEATS FROM STEP 5 

£ IST  DF DRAWINGS 

DVG NO TITLE 

E1 SPECIAL DRILL MACHINE 
ELECTRICAL SCHEMATIC 

PC HARDWARE 
E2 ELECTRICAL SCHEMATIC 

E3 PC INPUT WIRING DIAGRAM 

E4 P C OUTPUT WIRING DIAGRAM 

E5 P C DOCUMENTATION 

U 

ELECT ENCt BSUP[ 
MACHINE MOUt TED 

[ ~  11oo4 LS 

11ooi LS 

01213M 

11003 LS 

[ ]  IC, L~Pp B OPEATRIA'NOR'B 

SWITCH DESCRIPTION LINE NUMBER 
N o N C 

ILS OUAPD LIMIT 215 217 
2LS GUARD LIMIT 215 218 
IIO01LS DIRTY FILTER ELEMENT 303 
II003LS SLIDE RETURNED 305 
IIO04LS SLIDE ADVANCED 305 
01207LS TOOL CHG D-TRAVEL 219 409 
IlOO2FS HYDRAULIC OIL LEVEE 304 
IIO05FS CLAMP PRESSURE 307 
1PB MASTER STOP 213 
2 PB MASTER START 212 
3 PB EMERGENC~ STOP 215 
IIOOBPB RESET 308 
ltOO7PB MANUAL 309 
llOIOPB AUTO 313 
11011PB DUAL CONTROL COMMON 314 315 
11013PB CLAMP CYCLE PALM 316 317 
IlOI5PB UNCLAMP 318 
IIOI6PB ADVANCE SLIDE 31q 
11017PB RETURN SLIDE 320 
IlIOOPB TOOL CHG PWD 351 
IIlOIPB TOOL CHC REV 352 
11104PB START HiD MASTER 355 
IIIO5PB STOP HYD MASTER 356 

Figure D-4. 
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