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A L I G N M E N T 
Since the design of the first tape recorder and the use of magnetic recording tape, the equipment and tape have 
continuously undergone improvements. Some of the improvements have allowed greater fidelity, better signal-to-
noise ratio, excellent reliability and service life. These improvements have also reduced distortion, crosstalk between 
channels and high frequency (short wavelength) losses. 

All of the aforementioned benefits are the result of better machine electronics and also better mechanical drive 
and guiding systems. Ironically, the advanced electronics, which record and play back the program material, are 
at the mercy of the mechanical drive and guide systems which move the tape across the head to assure proper head-
to-tape contact. Therefore, correct guiding, intimate head-to-tape contact and head alignment are prerequisites for 
maximum recorder performance, especially when using multi-track or professional type wide-width (W to 2") 
tape equipment. 

This issue of SOUND TALK will discuss the various elements which are involved in guiding a tape across the 
deck. Because of the variety of recorders available, guiding and alignment will be discussed in terms of basic 
principles only; and those adjustments which are deemed necessary should be performed by a qualified technician 
familiar with the individual machine manufacturer's specifications. 

Oftent imes problems w i t h recorder operat ion or per
formance degradat ion are b l a m e d on w h a t appears to 
be faul ty heads or poor tape w h e n , i n real i ty , the 
p r o b l e m is actual ly caused b y a m i s a l i g n e d h e a d or 
i m p r o p e r tape g u i d i n g . These problems can occur i n 
any machine , regardless of q u a l i t y or age. T h e s i tuat ion 
of g u i d i n g a n d a l ignment is so c r i t i c a l that major record
i n g a n d d u p l i c a t i n g studios m a k e i t a pract ice to 
systematical ly check their decks for these parameters 
to assure proper operat ion . 

T o assure that the tape moves across the deck i n the 
proper manner a n d u l t i m a t e l y crosses the head correct ly , 
i t is necessary to establish the correct tape p a t h f r o m 
the s u p p l y reel t h r o u g h the g u i d e system to the heads 
a n d back to the take-up reel . O n c e the correct p a t h 
is established i t is u s u a l l y qui te s imple to m a i n t a i n 
this condi t ion . 

TAPE PATH CEIMTERLINE 
T h e centerl ine of each component w h i c h is i n direct 
contact w i t h the tape s h o u l d m a i n t a i n a n u n v a r y i n g 
reference p lane ( F i g u r e 1 ) . T h e edge clearance l imi ts 

o f t h e s e g u i d i n g c o m p o n e n t s a r e w i t h i n a f e w 
thousandths of the prescr ibed m a x i m u m tape w i d t h s ; 
therefore, any s l ight v a r i a t i o n f r o m the true center l ine 
reference can cause b e n d i n g of the tape edges. A d d i 
t iona l effects c o u l d be tape s k e w i n g on a tangent f r o m 
its path , a z i m u t h misa l ignment a n d excessive f r i c t i o n . 
T r u e centerl ine t r a c k i n g is p a r t i c u l a r l y i m p o r t a n t w h e n 
u s i n g w i d e tape w i d t h s (W to 2") because w i d e r tapes 
exhibi t greater resistance to l o n g i t u d i n a l changes or 
"steering." W i d e r e c o r d i n g tape exhibits a tendency to 
c u r l or r o l l a l o n g its edges w h e n subjected to the steer
i n g act ion of inaccurate center l ine t rack ing . 

REEL PEDESTAL 

TAPE-PATH CENTERLINE 

/ HEAD TAPE GUIDE 

FIGURE 1. SIMPLIFIED TAPE PATH CENTERLINE 
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PEDESTAL HEIGHT AND ANGLE 
T r a m error a n d tape edge damage m a y occur f r o m 
i m p r o p e r l y p o s i t i o n e d tape reel pedestals. A s l ight 
var ia t ion of the pedesta l axis f r o m a true r ight angle 
to the tape p a t h creates a n exaggerated error at the 
reel flange c i r c u m f e r e n c e ( F i g u r e 2 ) . 

FIGURE 2. IMPROPER PEDESTAL POSITION 

A pedestal w i t h a n angular error of just one degree w i l l 
d isplace the edge of a 7 i n c h ree l flange b y 61 mi ls 
f r o m the p r o p e r h o r i z o n t a l pos i t ion . If the pedesta l 
he ight adjustment is incorrec t a n d c o m p o u n d e d w i t h 
a n erroneous angle, the total error is c u m u l a t i v e ; for 
example, w i t h a n angular displacement of 0.061" a n d 
i m p r o p e r h e i g h t of 0.030" the total error reflected to 
the tape p a t h is 0.091" — near ly l/10th of a n i n c h . T h i s 
t y p e of i r r e g u l a r i t y w i l l c r e a t e g u i d i n g p r o b l e m s 
throughout the tape p a t h a n d can cause the tape to r u b 
a l o n g t h e e d g e of t h e r e e l , c r e a t i n g e d g e d a m a g e 
( F i g u r e 3 ) . 

T h e type of edge damage shown i n f igure 3 m a y also 
be caused b y a d a m a g e d reel . If the reel flanges are 
bent or w a r p e d so that the n o r m a l clearance between 
the tape a n d the flange is reduced , the tape can scrape 
against the flanges. 

W h e n d e t e r m i n i n g proper pedestal height , differences 
b e t w e e n the flange thickness of plast ic a n d meta l reels 
must be taken into account. Plast ic reels have thicker 
flanges than meta l reels to p r o v i d e the needed strength. 
If b o t h m e t a l and plast ic reels are used, the centerl ine 
reference s h o u l d be established u s i n g a plast ic reel . 
A l t h o u g h this w i l l cause the tape to w i n d s l ight ly above 
the center on the meta l reel ( the thinner flanges w i l l 
cause i t to rest s l ight ly l o w e r on the pedes ta l ) , the 
thinner flanges also p r o v i d e greater clearance w h i c h 
compensates for the difference i n tape w i n d . W h e n 
adjust ing pedestal height i n reference to the tape 
centerl ine, i t is important to determine the dimensions 
of the reels n o r m a l l y b e i n g used. T h e E l e c t r o n i c Indus
tries Assoc ia t ion ( E I A ) has suggested basic reel sizes 
a n d dimensions i n its S tandard RS 254A, w h i c h speci
fies a n o m i n a l reel w i d t h of 0.462" for %" reels ( n o m i n a l 
tape w i d t h plus 0.212"). O t h e r reel w i d t h s f o l l o w the 
same s tandard (%" reel w i d t h is 0.500" plus 0.212" = 
0.712"). T h e specif ied dimensions are s tandard for the 
prec i s ion reel , w h i c h is careful ly m a n u f a c t u r e d to assure 
concentr ic i ty of the h u b a n d flanges, accurate flange 
run-out a n d consistent separation distance be tween 
flanges. If a prec is ion reel is u n a v a i l a b l e or i m p r a c t i c a l 
to use ( n o r m a l l y avai lable i n only IOJ2" or larger s izes) , 
the dimensions established m a y be a p p l i e d to the reel 
b e i n g used to check the transport (see calculat ions i n 
figure 4 ) . 

FIGURE 3. SINGLE STRAND OF TAPE SHOWING SEVERE 
EDGE DAMAGE 

FIGURE 4. PEDESTAL HEIGHT AND TAPE PATH DIMENSIONS 
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For Vi-inch Precision Reels: 

W R / W T \ W H E R E ' - -
Wp = —^ -(~2—^ Wc ) W P = distance between 

^ ' pedestal and nearest 
462 /246 \ flange inner face 

\Vv = ~ - l ~ + . 0 0 5 ) W„ =.462-inch average or 
* ' nominal overall reel 

x»r , ™ . i o width within the lat-
W F = .103-inch e r a l m o u n t l n g a r e a 

W T = average tape width 
Wo = desired clearance be

tween each tape edge 
and adjacent flange 

To Then Determine Pedestal Height: 
where... 

H P = X - ( W ( 1 + W F ) Hp = height of pedestal 
from reference plane 

Hp = X-( .005+ .103) X = distance from refer-
Hp = X - . 108-inch ence plane (deck) to 

nearest tape edge cor
rectly positioned with 
respect to guides and 
heads 

TAPE 

DECK 



" F o r other %, 1, VA, 1%, 1%, a n d 2" ) prec is ion reels i t 
can be easily s h o w n that W F = .102-inch. This is 
because average tape widths for these reels are .002 
rather than .004 i n c h less than the appropriate m u l t i p l e 
of /4-inch, (e.g. , average w i d t h for M-inch tape is .498, 
for 1-inch tape, .998, e tc . ) . 

DECK 

Dimensions important to tape-path centerline and pedestal adjustments. 

FIGURE 4. PEDESTAL HEIGHT & TAPE PATH DIMENSIONS (CONT.) 

Because tape reels are symmetr i ca l , a perfect w i n d on 
a correctly adjusted transport w o u l d center the tape 
equal ly between the flanges. W h e n establ ishing the 
c e n t e r l i n e , s o m e t y p e o f r e f e r e n c e m u s t b e u s e d . 
G e n e r a l l y the m o u n t i n g plate or deck is adequate for 
measur ing the tape p o s i t i o n t h r o u g h the entire tape 
path . B y establ ishing a reference measur ing method , 
such as " X " i n f igure 4, any deviat ions i n the tape p a t h 
created b y the pedestals, capstan a n d idlers , or guides 
can be easily d i scovered . T h e intr icate calculations 
s h o w n i n figure 4 p r o v i d e the basic dimensions for 
establishing pedesta l h e i g h t a n d tape centerl ine. 

GUIDING 
A s the tape moves across the deck, its p a t h is de termined 
b y a series of guides. T h e guides m a y b e fixed, ro l ler 
type, or m o u n t e d o n tape tens ioning devices. F i x e d 
guides, because of the direct m o u n t i n g , general ly w i l l 
not become m i s a l i g n e d . F i x e d guides c a n create edge 
damage problems, s u c h as s h o w n i n figure 3, i f they 
become w o r n or d a m a g e d . 

M o v a b l e guides, especia l ly those m o u n t e d o n tension 
compensat ing a i m s , are v u l n e r a b l e to misa l ignment 
because of bent arms. D u r i n g tape centerl ine measure
ments, be sure to check the p e r p e n d i c u l a r att i tude of 
the g u i d e w i t h reference to the deck surface throughout 
its entire operat ional arc . Prec ise measurement of the 
tape path entrance in to the g u i d e a n d the tape exit 
p a t h w i l l determine p r o p e r a l ignment . C a r e f u l v i sua l 
inspect ion ( w i t h a m a g n i f y i n g glass) of the tape passage 
through the guide w i l l determine i f the tape is b e i n g 
subjected to any excessive edge pressure w h i c h m a y 
cause c u r l i n g or b e n d i n g a l o n g the edge of the tape. 

Ro l l e r guides, d r i v e capstans a n d i d l e r wheels c a n also 
create g u i d i n g p r o b l e m s . A n y misa l ignment or uneven 
w e a r on these components m a y cause the tape to deviate 
f r o m the i d e a l center l ine . A capstan or i d l e r w h e e l w h i c h 

not t ru ly p e r p e n d i c u l a r to the established centerl ine 
or is w o r n into a tapered shape w i l l cause the tape to 
travel i n a n i m p r o p e r p a t h , f o l l o w i n g the component's 
angular devia t ion f r o m p e r p e n d i c u l a r i t y . 

A l l of the p r e c e d i n g considerations are i n t e n d e d to assure 
a n even a n d smooth tape passage throughout the entire 
path . Proper tape movement across the deck is essential 
for correct head-to-tape interface. T h e in t imate re lat ion
ship between the r e c o r d i n g tape and the recorder head 
or heads is the f inal parameter w h i c h must b e explored 
to assure p r o p e r operat ion. 

HEAD ALIGNMENT 
I n magnet ic recorders, the h i g h f requency response and 
inter -channel crosstalk are extremely dependent on head 
al ignment . I n most tape transports the heads are adjust
able and c a n be a l i g n e d as r e q u i r e d to establish the 
correct head-to-tape interface. T h e adjustment is very 
precise a n d is best accompl i shed b y a factory qual i f ied 
technic ian re fer r ing to the manufacturer 's service m a n u 
als. There are five basic adjustments i n v o l v e d i n correct ly 
pos i t ion ing a recorder head , as s h o w n i n figure 5. T w o 
of these p o s i t i o n i n g adjustments ( A a n d B , F i g u r e 5) 
are concerned w i t h the tape centerline. 

HEAD ALIGNMENT — Includes a l l m e c h a n i c a l adjust
ments necessary to assure proper co inc idence of h e a d 
gap w i t h tape, or more specif ical ly, a p r o p e r l y recorded 
tape track. 

A ) T i l t , i n w h i c h the face of the head must b e s i m u l 
taneously tangent to the same degree w i t h b o t h 
edges of the tape a n d w i t h o u t d is tor t ion of either 
of the latter. 

B ) H e i g h t , i n w h i c h the gap w i d t h d i m e n s i o n is cen
tered on the s tandard track locat ion. 

C ) T a n g e n c y assures that the tape contacts the p o r t i o n 
of the h e a d face conta in ing the head gap. 

D ) Contac t , h e a d pos i t ion into or away f r o m the tape 
to assure p r o p e r contact pressure b e t w e e n h e a d a n d 
tape ( " w r a p " ) . N o t as cr i t i ca l w i t h machines em
p l o y i n g pressure pads at the heads. 

E ) A z i m u t h or skew, i n w h i c h w i d t h d i m e n s i o n (corres
ponds to track w i d t h ) of gap is exactly 9 0 ° w i t h 
tape edge. 

FIGURE 5. HEAD ADJUSTMENT PLANES 
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Tilt (A) 

Height (B) 

Tangent (C) 

Contact (D) 

Azimuth (E) 

FIGURE 5. HEAD ADJUSTMENT PLANES (CONT.) 

TILT 
T h e first bas ic h e a d adjustment is to establish a true 
ver t i ca l p o s i t i o n for the face of the h e a d ( A r c A — F i g . 
5) w i t h reference to its contact w i t h the tape. T h e 
correct a t t i tude is one in w h i c h the h e a d nei ther tilts 
into nor a w a y f r o m the tape surface. E s t a b l i s h i n g the 
correct v e r t i c a l a t t i tude is important to m a i n t a i n u n i 
f o r m tension across the entire w i d t h of the tape i n 
contact w i t h the h e a d . If the tape is u n d e r more tension 
at one edge t h a n at the other, total in t imate contact 
be tween the tape a n d h e a d w i l l be d i s t u r b e d . T h e 
difference i n tens ion can also cause the tape to skew 
a w a y f r o m the center l ine . 

HEIGHT 
T h e next bas ic h e a d adjustment, w i t h i n the centerl ine 
reference, is h e a d he ight ( B — F i g . 5 ) . I m p r o p e r h e a d 
he ight is mani fes ted as m i s t r a c k i n g or crosstalk. O n 
m u l t i p l e track recordings this par t i cu lar adjustment is 
very c r i t i c a l i n that loss of output , noise a n d inter-
channel crosstalk c a n result i f the p l a y b a c k h e a d gap 
is not per fec t ly t r a c k i n g the recorded p a t h on the tape. 

If r e c o r d i n g w i t h a head malad justed in height, i t mav 
b e v i r t u a l l y i m p o s s i b l e to p l a y the tape b a c k o n 
another machine . 

W h i l e check ing head height , inspect the face of the 
head for wear. A s the h e a d wears, an indentat ion i . 
f o r m e d a long the tape p a t h w h i c h actual ly becomes a 
tape guide ( F i g u r e 6 ) . If the head posi t ion or tape 
p a t h is changed, the w o r n area w i l l no longer coinc ide 
w i t h the tape edge. T h i s w i l l cause tape damage. If a 
s e v e r e l y w o r n h e a d is d i s c o v e r e d , r e p l a c e m e n t 
is recommended. 

ORIGINAL 
SURFACE • 
PLAIN 

SHARP EDGE WORN 
ACROSS POLE-PIECE 
AND GAP A L O N G 
TAPE PATH 

FIGURE 6. EXAMPLE OF IMPROPERLY POSITIONED HEAD 
EXHIBITING WEAR PATTERN 

TANGENCY 
O n c e the tape centerl ine p a t h across the head is estab
l i shed , the head-to-tape interface must be checked. 
T a n g e n c y ( A r c C — F i g . 5) is s i m p l y the squar ing of 
the record and p layback gaps to the tape's surface. 
C o r r e c t tangency is important to assure proper head-
to-tape contact at the h e a d gaps. If the tape contact 
is not correct, h i g h f requency response w i l l suffer and, 
more important , the system m a y become oversensitive 
to dropouts . Dropouts are usua l ly caused b y debris or 
contaminat ion w h i c h separate the tape's oxide surface 
f r o m the head gaps. Needless to say, any interrupt ion 
of head-to-tape contact w i l l result i n a degraded signal 
output ; and if the separation is severe, a complete s ignal 
loss m a y result. 

CONTACT 
C o n t a c t ( D — F i g . 5) is the h e a d pos i t ion i n respect to 
the tape w r a p . C o r r e c t head-to-tape contact is assured 
b y the sl ight b e n d i n g or " w r a p " i n the tape p a t h as it 
passes over the head. Insufficient contact can result in 
poor h i g h f requency response a n d oversensit ivity to 
dropouts , as prev ious ly m e n t i o n e d . 

M a n y recorders are e q u i p p e d w i t h pressure pads w h i c h 
force the tape against the h e a d b y a p p l y i n g pressure 
to the tape's b a c k i n g adjacent to the h e a d . W h e n inspec ' 
i n g the head posi t ion , the pressure pads must be checker 
for signs of w e a r or damage. T h e p a d can become w o r n , 
d e v e l o p i n g a channel w h i c h corresponds to the tape 
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path . If the p a d is d e e p l y w o r n , head-to-tape contact 
c a n b e r e d u c e d , w h i c h w i l l a f f e c t h i g h f r e q u e n c y 
response. Because of the int imate contact between the 
p a d and the tape's b a c k i n g , surface contaminat ion w i l l 
t end to stick to the p a d . C o n t a m i n a t i o n deposits a n d 
b u i l d - u p on the pressure p a d m a y create h a r d spots 
a n d form an uneven contact surface w h i c h can p r o d u c e 
" squea l , " loss of head-to-tape contact and cause excessive 
tape wear. If the pressure p a d is w o r n or contaminated, 
i t should be rep laced . D u r i n g p a d replacement, care 
must be taken to assure p r o p e r p a d size, insta l la t ion 
a n d correct pos i t ion ing . 

A most impor tant h e a d adjustment is that of a z i m u t h 
( A r c E — F i g . 5 ) . If the r e p r o d u c i n g gap ( p l a y b a c k 
head) is not p a r a l l e l to the r e c o r d e d poles on the tape, 
s e r i o u s loss of h i g h f r e q u e n c y ( s h o r t w a v e l e n g t h ) 
response w i l l result , as s h o w n i n figure 7. 

MISALIGNMENT-MINUTES OF ARC 

AZIMUTH 
T o assure c o m p a t i b i l i t y a n d interchangeabi l i ty , i t is 
quite important that record a n d p layback heads are 
adjusted so the gaps are exactly p e r p e n d i c u l a r to the 
tape p a t h centerl ine. S ince i t is very diff icult to establish 
true ver t i ca l reference w i t h a h e a d because of the 
extremely s m a l l gaps i n the p o l e piece, the a z i m u t h 
adjustment is best d e t e r m i n e d b y us ing a specia l pre
recorded a l ignment test tape. T h e a l ignment test tape 
has a careful ly r e c o r d e d h i g h f requency s ignal w h i c h , 
w h e n p l a y e d back, is used to determine output leve l . 
Because of the h i g h f requency dependency on head 
al ignment , any m i s a l i g n m e n t is readi ly apparent i n the 
loss of output , as s h o w n i n f igure 7. 

W h e n u s i n g a n a l ignment tape to check a z i m u t h , a 
variety of methods can be e m p l o y e d , the s implest b e i n g 
to del iberate ly skew the tape across the h e a d w h i l e 
c h e c k i n g output . If the output , as i n d i c a t e d b y the 
s ignal l eve l meter (or the p laybac k v o l u m e ) , is highest 
w i t h n o r m a l tape a l ignment across the h e a d , i t can be 
assumed that a z i m u t h is correct. If the o u t p u t s ignal 
leve l increases w h i l e del iberate ly s k e w i n g the tape, i t 
can be assumed that the h e a d a z i m u t h is incorrec t a n d 
s h o u l d b e re-adjusted. T h e h e a d s h o u l d t h e n b e rea l igned 
to y i e l d m a x i m u m or peak output. I n the case of separate 
record-p layback heads, the p l a y b a c k h e a d s h o u l d be 
peaked per the output s ignal leve l d e t e r m i n e d w h i l e 
u s i n g the pre - recorded a l ignment tape. T h e r e c o r d head 
a z i m u t h s h o u l d then be peaked w h i l e r e c o r d i n g on a 
b l a n k tape a n d p l a y i n g back through the correct ly pos i 
t ioned p l a y b a c k head. O n l y a studio p r e p a r e d pre
recorded tape s h o u l d be used for a n a z i m u t h test. 

W h i l e c h e c k i n g head a z i m u t h i t is also g o o d pract ice 
to inspect the pressure p a d ( i f used) for wear . If a p a d 
w h i c h has b e c o m e w o r n does not p r o p e r l y p o s i t i o n itself 
against the tape, i t w i l l have a tendency to skew the 
tape out of a l ignment w i t h the h e a d gap, g i v i n g the 
same effect as incorrect head a z i m u t h . If the pressure 
yjad shows signs of a wear-created channel , i t should 
b e replaced. 

SUMMARY 
T h e improvements i n recorder design, electronics a n d 
magnet ic r e c o r d i n g tape have c o nt r ibute d to a m e d i a 
w h i c h provides excellent f requency response, l o w dis
tor t ion a n d v i r t u a l l y perfect r e p r o d u c t i o n of recorded 
mater ia l . T h e benefits of these improvements are l i m i t e d 
to the component c o n d i t i o n and the adjustments of each 
i n d i v i d u a l machine . B y p e r i o d i c a l l y c leaning a n d inspect
i n g y o u r recorder to ver i fy that the tape p a t h is p r o p e r l y 
established b y the reels a n d g u i d i n g system and that 
the interface be tween h e a d a n d tape is correct, m a x i 
m u m recorder per formance can b e assured. 

If at any t ime y o u have specific questions about this 
topic , s i m p l y w r i t e to : 

P r o d u c t C o m m u n i c a t i o n s 
M a g n e t i c Products D i v i s i o n 
3 M C o m p a n y 
3 M Center 
St. P a u l , M i n n e s o t a 55101 

A d d i t i o n a l copies of this p a p e r are avai lable f r o m y o u r 
3 M representative, or b y w r i t i n g to the address above. 

magnetic Products Division 
3 M C E N T E R • S A I N T P A U L , M I N N E S O T A 5 5 1 0 1 
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FIGURE 7. HIGH FREQUENCY LOSSES DUE TO 
HEAD MISALIGNMENT 


